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Aim: The overall aim of this thesis was to investigate correlates of physical activity in older 
adults with Parkinson’s disease and to evaluate the effects, both short- and long term, of the 
HiBalance program on physical activity and sedentary. Further, to investigate the associated 
factors of a training effect on physical activity. To this end disease-specific physical activity 
estimates are needed. 
Methods: In Paper 1 accelerometer cut points for different walking speeds were defined. 
Thirty older adults with mild-to-moderate Parkinson’s disease walked at self-defined speeds 
of brisk, normal and slow speeds for three minutes in an indoor corridor. Walking speed was 
used as a reference measure, and cut points were generated using ROC curves. The cut points 
were cross-validated and Cohen´s quadratic weighted Kappa was calculated. In Paper II, 
correlates of both total physical activity and cut point-defined brisk walking were 
investigated by applying correlation analysis followed by multiple linear regression to 
accelerometer data. In Paper III, short- and long-term effects of the HiBalance program on 
physical activity and sedentary behavior were evaluated, using mixed analysis of variance 
and a multilevel model. Further, associated factors to a training effect on physical activity 
were investigated using a multiple linear regression. 
Results: Optimal cut points for the vertical axis were ≤328 and ≥730 counts / 15 seconds for 
walking speeds at ≤1.0 m/s and >1.3 m/s, respectively. Sensitivity ranged between 68-100 %, 
with specificity between 75-82 %, whilst validation and Kappa analysis showed 74% 
absolute agreement and a substantial agreement of κ = 0.79 (95% CI 0.70–0.89), respectively. 
Exploration of correlates of total physical activity and amount of brisk walking led to two 
linear regression models. Motor impairment, physical function, body mass index and 
dyskinesia were significantly associated with total physical activity, explaining 34% of the 
variance, whilst physical function and balance control were significant factors related to brisk 
walking, explaining 22% of variance. Short- and long-term effect analysis revealed that brisk 
walking was the only factor showing a significant interaction effect of group and time. 
Moreover, the effect on brisk walking dissipated 6 months after intervention. Analysis of the 
training effect on physical activity revealed that intervention group affiliation and spring 
season were significantly associated to an increase in brisk walking, while increased balance 
after training was not. 
Conclusion: This thesis provides cut points for physical activity measurement in older adults 
with Parkinson’s disease. Results also suggest that correlates of total physical activity and 
brisk walking differ, and evidence of factors not previously shown to be associated with PA 
in this population, is provided. Moreover, the HiBalance program leads to an increased 
amount of brisk walking in daily living, yet this increase is not linked to improved balance 
control. Also, clinicians should be aware of the seasonal effect on ambulatory activity in this 
population, and that the intervention effect dissipates after half a year, thereby warranting 
recurrent training.  
  
SAMMANFATTNING 
Syfte: Det övergripande syftet med denna avhandling var att undersöka faktorer associerade 
till fysisk aktivitet hos äldre med Parkinsons sjukdom, samt att utvärdera kort- och 
långtidseffekter av HiBalance-programmet på mängd fysisk aktivitet och stillasittande. 
Likaså, att undersöka faktorer kopplade till en träningseffekt på fysisk aktivitet. För detta 
ändamål krävs sjukdomsspecifika estimat av fysisk aktivitet. 
Metod: I det första delarbetet definierades tröskelvärden av accelerometerdata för olika 
gånghastigheter. Trettio äldre med mild till måttlig Parkinsons sjukdom promenerade i tre 
självdefinierade hastigheter av rask, normal och långsam gång, under tre minuter i en korridor 
inomhus. Som referensmått användes gånghastighet och tröskelvärden genererades med 
ROC-kurvor. Tröskelvärdena korsvaliderades samt evaluerades med hjälp av Cohens 
kvadratiskt viktade kappa. I det andra delarbetet undersöktes korrelat till total fysisk aktivitet 
samt tröskelvärdesdefinierad mängd rask gång, via korrelationsanalys följt av multipel linjär 
regression. I det tredje delarbetet användes variansanalys samt en flernivåmodell för att 
undersöka kort- och långtidseffekter av HiBalance-programmet på fysisk aktivitet och 
stillasittande.  Likaså undersöktes associerade faktorer till en träningseffekt via en multipel 
linjär regression. 
Resultat: Optimala tröskelvärden för den vertikala axeln var ≤328 och ≥730 counts per 15 
sekunder för respektive ≤1.0 m/s och >1.3 m/s. Sensitiviteten definierades till 68-100% och 
specificiteten till 75-82% för respektive hastighet, medans validering och Kappa-resultaten 
visade 74% absolut överensstämmelse samt en betydande överenstämmelse på κ = 0.79 (95% 
CI 0.70–0.89) för tröskelvärdena. Undersökningen av faktorer relaterade till total fysisk 
aktivitet och mängden rask gång ledde till två linjära regressionsmodeller. Motorisk 
nedsättning, fysisk funktion, kroppsmasseindex samt dyskinesi var signifikant associerade 
och förklarade 34% av variansen av total fysisk aktivitet, medans fysisk funktion och 
balanskontroll sågs signifikant associera till rask gång, med en förklarad varians på 22%. 
Analysen av kort-och långtidseffekter visade att rask gång var den enda faktor som påvisade 
en signifikant interaktionseffekt mellan grupp och tid. Likaledes, effekten på rask gång 
upphörde sex månader efter träning. Analysen av träningseffekt på fysisk aktivitet visade att 
tillhörighet till träningsgruppen samt sommarhalvåret var signifikant associerat till en ökning 
av rask gång, dock ej en förbättrad balansförmåga. 
Konklusion: Denna avhandling tillhandahåller accelerometertröskelvärden för mätning av 
fysisk aktivitet hos äldre med Parkinsons sjukdom. Övriga resultat visar att korrelat till total 
fysisk aktivitet och rask gång är åtskiljda, dessutom tillhandahålls ny evidens vad gäller 
korrelat till fysisk aktivitet hos denna grupp. Vidare redovisas att HiBalance-programmet 
ökar mängden daglig rask gång hos äldre med Parkinsons sjukdom, dock är denna ökning 
inte kopplad till ökad balansförmåga. Likaså bör kliniker vara medvetna om säsongseffekten 
på mängden rask gång och att effekten av träning upplöses efter ett halvår, vilket föranleder 
återkommande träning.  
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The importance of physical activity (PA) to people of all ages and backgrounds are 
nowadays regarded as more or less common knowledge. Due to its relevance to optimal 
health, it should be in all clinicians’, trainers’ and health professionals’ interest to measure 
the extent of this behavior in their clients/patients. Many instruments have been developed, 
with more emerging, to capture this important behaviour. My idea of a great instrument is 
one that requires minimal amount of technical expertise from the end user, while being as 
exact as possible in its portrait of daily movement. As such, whilst working on this thesis I 
wanted to assist in the refinement of PA quantification using a commonly utilized 
accelerometer, for PA-measurement in older adults with Parkinson’s disease (PD). Also, 
since PA is a behavior so strongly linked to health, and balance disturbances can be a major 
obstacle for people with PD to be active1, I wanted to explore whether an intervention 
aimed at increasing balance performance could also yield secondary effects on PA. 
Hopefully the results presented here can aid clinicians in getting results of interest with 
maximum ease, as well as helping in the ongoing health care implementation of the 
intervention, in order for the person with PD to benefit. 
2 INTRODUCTION 
This thesis and the containing papers is part of a randomized controlled trial (RCT), 
conceptualised under the acronym BETA-PD (Balance, Elderly, Training and Activity in 
PD) project. Within this RCT, the primary aim was to test the HiBalance program on older 
adults with PD and specifically evaluate its effects on balance performance, gait velocity, 
fear of falling and PA (Step 2 in Figure 1). 
 
Figure 1. A graphical overview, including a time line, of the steps in the BETA-PD study. 
 
2.1 PHYSICAL ACTIVITY 
In a well-cited publication by Caspersen et al (1985), the terms PA, exercise and physical 
fitness were differentiated and defined, and PA was defined as any bodily movement 
produced by skeletal muscles that result in energy expenditure. Exercise on the other hand, 
was defined as a sub-category of PA that is planned, structured, repetitive, and has a final or 
STEP 1 STEP 2 STEP 3
Method development
Laboratory studies
Efficacy of the 
HiBalance program in 




the program in 
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intermediate objective of improving or maintaining physical fitness. In this context, 
physical fitness is described as a set of characteristics that are either linked to health or 
skill, and relates to the ability to perform PA2. Different contexts or domains of the behavior 
are also of interest in the PA field of research, such as recreation, transportation, household 
chores, and/or occupation. As such, activity in any of these domains can be health-
beneficial and is therefore officially recommended3. 
To study PA, one may use different dimensions to facilitate the description of the behavior. 
A common approach is the four part model, consisting of: mode that describes the type of 
activity performed; duration indicating the amount of time activity is performed; frequency 
of performed activity; and intensity of the activity4. Most recommendations or guidelines 
regarding PA for health improvement or disease prevention include a determined 
amount/level/type of each dimension. 
The current thesis employed the above described definitions for each term, since they are 
not only commonly used, but may also be considered intuitive.  
 
2.1.1 General effects of physical activity 
The effects of PA on health (or more specifically the incidence of heart disease) has been 
known since the 1950’s 5, 6.  Since then our knowledge continued to grow concerning the 
evidence of its highly potent ability to prevent and treat a large number of conditions and 
diseases7. Nowadays we know that chronic diseases such as cancer and cardiovascular 
disease, but also obesity, type 2 diabetes, stroke, depression and the risk of premature death 
are related to PA, or the lack thereof 3, 8. Decades of research in areas of epidemiology 
(public health) and physiology has shown that PA has both economic, as well as health 
benefits, and that behavior change in different population groups is possible9. 
Since 1995 recommendations regarding the mode and amount of PA to engage in per day 
for achieving health benefits have been available10, and has thereafter been updated11. The 
current recommendation is 150 minutes of moderate intensity PA per week (interchangeable 
with 75 minutes of vigorous activity) or 500 Metabolic Equivalent of Task (MET)-minutes 
per week (where one MET is equivalent of energy expenditure at rest) in a minimum of 10 
minute bouts7. These recommendations established the dose-response relationship between 
PA and health, where those at the lowest level of activity enjoys the greatest health benefits, 
and that beneficial effects are additive with increased activity. According to a recently 
performed prospective cohort study, the minimum amount of moderate-to-vigorous PA 
(MVPA) per week necessary for a reduction in mortality, and an increased life expectancy, 
is 90 minutes, or 15 minutes per day (14% reduced risk of all cause-mortality and an 
extended life expectancy of 3 years)12. There is no recommendation for maximum threshold 
of activity, although benefits are believed to maximize at 3 to 5 times higher than 
recommended levels13.  
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On the other side of the spectrum we find sedentary behavior, which in recent years has 
been up for debate in both scientific papers and media. This term is separate from the 
concept inactivity, where the latter was defined - in this thesis - as not reaching 
recommended levels of PA14. Since the 90’s, sedentary behavior has been regarded as a 
major risk factor for coronary artery disease and cardiovascular mortality, and in recent 
years also been identified as a risk factor for a wide range of other health outcomes15-18. It 
has even been postulated that sedentary behavior involves some physiological mechanism, 
defining it as unhealthy regardless of whether it displaces other activities or not19. 
Sedentary, although a relatively subjective term, is commonly defined as any waking 
behavior characterised by very little body movement and an expenditure of energy <1.5 
METs20, 21. The definition of the behavior thereby includes activities such as sleeping, lying 
down, sitting and most types of screen-based entertainment.  
Although vastly researched, a lack of consensus continues to persist on whether sedentary 
has a unique detrimental effect on health. Studies suggesting a persistent relationship 
between cardio-metabolic deficits and sedentary have adjusted for PA and subsequently 
reported a unique effect of sedentary on health15, 22. However, Maher et al (2014) claims 
that previous studies often adjust for some sub-measure or specific intensity measure of PA 
and not the total activity spectrum23. This method is considered a limited way of analysis, 
and if total activity is used for adjustment, the original detrimental effect of sedentary 
dissipates, according to the researchers23. Whether sedentary behavior has a unique effect 
on health or not, it is still considered to be linked to incremental all-cause mortality. In 
response to the detrimental independent effect of sedentary, recent findings from a meta-
analysis of pooled data suggest that high levels of moderate intensity activity (60-75 min 
per day) may eradicate the higher risk of death due to a large amount of sitting time24. 
Hence, if a large amount of sedentary per day is unavoidable, e.g. due to occupation 
requiring sitting, extra activity may help. 
 
2.1.2 Correlates and determinants 
Understanding the cause of PA behavior is essential when developing and designing public 
health interventions, as well as interventions for specific sub-populations. Since most 
aetiological PA-studies are cross-sectional in nature, statistical association, but not 
causation, is established25 (Figure 2). Cross-sectional studies result in correlates, while 
determinants are established using longitudinal observational studies or experimental 
ones25, 26. To date there are several studies that explored correlates, as well as determinants, 
of PA in different populations and age groups, but mostly focusing on individual-level 
factors in high-income countries. Although correlates are specific for different domains 
(e.g. occupation, transportation, home-based activities etcetera)27, the most common and 
clearest correlates found to be associated with PA in adults and older adults are health status 
and self-efficacy, with evidence corroborating their status as determinants as well28-30. 
Other correlates found to be relevant are age, sex, motivation and previous PA26, 28, 29, 31.  
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In older adults, self-efficacy, PA-identity, social support, health condition, age and 
depressive symptoms have shown to be associated with PA32-34, yet it seems that barriers 
and motivators may differ between active and inactive older adults35. An ecological model 
describing determinants of PA, incorporating intra- and interpersonal as well as 
environmental factors have been suggested, with each domain containing both modifiable 
and non-modifiable ones26.  
Although determinants may be of greater value for understanding the behavior and 
performing interventions, there are advantages to cross-sectional designs and the resultant 
correlates. They provide evidence of possible mediators for the planning of interventions, 
and may aid in analysing several variables with greater ease, providing evidence for 
improvement of intervention design26. 
 
Figure 2. Schematic illustration of difference between correlates and determinants. 
 
2.1.3 Methods of measurement 
Behavior measurement can be challenging no matter what type of measure is chosen. 
Previously, the most common basic construct of interest when quantifying PA was energy 
expenditure, and with the development of new methods and measurements more 
quantitative and qualitative components have come into focus36. To document duration, 
frequency and intensity of PA necessary for evaluating the prevalence of people meeting PA 
recommendations, examining the effect of PA on specific health parameters, investigating 
dose-response and evaluating interventions, valid and reliable measurements are required37. 
When quantifying PA the choice of measure may be a compromise between accuracy and 
feasibility, and PA-questionnaires could in some contexts be the most feasible alternative, 

















Figure 3. A schematic image of the trade-off between accuracy and feasibility in physical 
activity measurement. 
Measures based on self-report (questionnaires, diaries, logs, recalls) are the most widely 
used when quantifying PA. They may include self- or interview-administered 
questionnaires or diaries and typically facilitates the collection of a vast amount of data 
from big populations39. With the use of self-report as a means of measuring PA comes some 
disadvantages. Social desirability may bias the result, just as cognitive impairment limiting 
the ability to recall, understanding of important terms, and ascertaining frequency, intensity 
and duration of activity may hinder the individual to provide an accurate description of 
his/her PA39-41. Adding on, in a systematic review on the reliability and criterion-related 
validity of PA-questionnaires (both existing and new), results showed that very few 
questionnaires boasted with both great reliability and validity, where the greatest flaw 
seemingly being validity, ranging from a coefficient of r = 0.25 to 0.4137. 
Objective PA measurement tools imply devices such as calorimetry, accelerometers, heart 
rate monitors and pedometers. These types of instruments have helped contribute to the 
understanding of PA as a health-related variable, and perhaps also reduced the human error 
incorporated in reporting and recall bias. Although the obvious advantages of the more 
objective measures, some of these are more costly and intrusive, and most also require 
expertise when utilized42. With time wearable monitors such as accelerometers and 
pedometers are becoming more common in PA research, since they provide a more exact 
measure of physiological or mechanical parameters corresponding to activity, in 
comparison to subjective methods43. Using a wearable sensor, such as an accelerometer 
with internal memory, enables for measurement of total amount, intensity, duration and 
frequency of PA, and for analysis of PA patterns over time43. 
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Accelerometers record raw acceleration data in the unit of gravitation (g) in one or more 
axes (vertical, anteroposterior, lateral), or as a vector of the three axes (vector magnitude, 
VM) at a pre-set sample rate of several times per second (normally 30-100 Hz). The raw 
data is pre-filtered (through a band-pass filter to exclude non-human movement) and 
translated to a generic value or measure, sometimes referred to as counts. Counts are 
defined in a pre-selected epoch, and to interpret counts as a meaningful unit, data thresholds 
are used36. Thresholds, or accelerometer cut points are usually defined in validation or 
calibration studies. Most calibration studies have been performed in an environment that is 
controlled, and with protocols containing walking and/or running on treadmills, or based on 
structured activities. Collateral to this process, some physiological measure - thought of as a 
criterion measure (e.g. consumed oxygen) - is simultaneously collected44. Using statistical / 
mathematical methods, thresholds are then generated based on physiological intensity or 
specific activity. These cut-points, derived from laboratory studies, are often highly 
predictive when intensity is of interest, but have limited validity in a free-living setting45. 
Instead, it has been suggested that since accelerometers capture ambulation quite well, 
intensity could be translated to the biomechanical domain, such as referring a cut-point to a 
specific walking speed44. 
 
2.1.4 Intervention effects on physical activity 
Although the convincing arguments around the benefits of increased PA are abundant, 
difficulties in translating evidence of correlates and determinants into an effective 
intervention continue to persist. To achieve programme maintenance and beneficial health 
effects, extensive knowledge on how to implement, adopt and sustain is essential46. Also, an 
understanding of available interventions is necessary. 
Despite these problems, a meta-analysis has shown that there are effective interventions to 
increase PA, in fact, the included interventions showed an overall moderately large mean 
effect (Pearson correlation coefficient of 0.34). Also, the results reported that independently 
of sample size, the effects were moderated and larger when experimental design containing 
behavior modification was utilized, and the intervention was of short duration47. Adding on, 
papers based on previously performed RCT’s containing either a training intervention or 
prescribed exercise have reported beneficial effects on physical fitness, PA and PA-energy 
expenditure in older adults48-50. The results suggest that fitness may be a key element, or at 
least a facilitating factor that increases habitual PA in this population. In a greater context, 
the results also propose factors to consider when choosing, designing or evaluating 
interventions. 
A different example of intervention to consider is the use of pedometers as an instrument to 
encourage PA in daily living, which has increased in recent years. The instrument’s 
popularity has steadily grown and recent accumulated findings show that using pedometers 
in an intervention is associated with increased PA (about 2000 steps per day) and that its use 
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is linked to health-enhancing advantages such as decreased blood pressure and weight 
reduction. However, the added factor of giving the pedometer user a defined step goal was 
essential, since the absence of it nullified any increase in PA51. This is in line with 
previously reported results, indicating that some form of attempt at behavior modification, 
prescription or activity goal is necessary for successful modification of PA. 
 
2.1.5 PA in adults, older adults and individuals with a neurological disease 
Depending on the choice of method for PA measurement, the conclusions of the activity 
level of adults in general may differ. In a Swedish cohort study consisting of 1114 adults 
measured using accelerometry, 52% accumulated 30 minutes of MVPA per day, but only 
1% achieved this level via bouts of ≥10 minutes52. A recent review of PA levels in older 
adults reported a variation of the population reaching recommended levels, ranging 
between 2.4-82%. The variation was due to different definitions of recommended levels, as 
well as contrasting instruments. Although the level varied, in general older adults were less 
active than reference groups53. 
Many of the health benefits of PA for the general population also apply to people with 
certain health conditions or disorders. Since those afflicted can be at even greater risk of 
health risks associated with a sedentary life, the lack of PA is an even more acute problem 
in these population groups. According to estimations from the USA, levels of PA in 
individuals with disabilities (both physical and cognitive) are much lower, compared to 
those without disability, where an estimated 56%, compared to 36%, respectively, perform 
no leisure-time PA at all7. On the other hand, there is strong evidence suggesting that 
outcomes of mental health, cardiorespiratory- and musculoskeletal health typically increase 
by exercise in people with physical disabilities7. Hence the participation of PA may be 
hindered or at least aggravated due to disability, and the beneficial effects of PA may also 
be lacking, thereby increasing risk of more severe disease and further complications. 
Stroke is one of the leading causes of adult motor dysfunction in the world and leads to the 
most hospitalizations when comparing neurological diseases54. As such, it is imperative to 
prevent and treat this disease with maximum efficiency. Findings suggest that an increased 
level of regular leisure-time PA serves as an important component of primary stroke 
prevention in both men and women55, 56. In post-stroke treatment, physical rehabilitation 
and exercise are first-line intervention strategies, since it may reduce chronic impairment by 
promoting neural organisation and reducing the volume of the infarct57, 58. 
More than 2.5 million individuals are afflicted by multiple sclerosis (MS), a demyelienating 
disease of the nervous system resulting in muscle weakness, fatigue, loss of balance, 
depression and declining cognitive function59. It is estimated that about 78% of people with 
MS are inactive, despite the recommendation of PA as a counter-agent to the disabling 
symptoms. These numbers are not due to a lack of interest in PA among the affected, but 
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rather a lack of knowledge among health-professionals regarding the appropriate and 
evidence-based amount of PA suitable60. The recommendations for people with MS have 
gone from advising no exercise to an evidence-supported stance advocating PA or exercise 
due to its beneficial effect on mobility, fatigue and quality of life61. Other reported 
beneficial effects of exercise include increased muscle strength, aerobic capacity, walking 
and balance62. 
Considering the evidence presented above and the fact that aging of individuals with 
disabilities of neurological character is a reality, it is important to acknowledge that with 
ageing comes the natural increase of sedentary, and it is of outmost importance to prevent 
inactivity as well as promoting PA and rehabilitating the affected through PA or some 
structured exercise intervention adapted to each individual. 
 
2.2 PARKINSON’S DISEASE 
In 1817, James Parkinson first described the patients with the clinical symptoms that would 
later be described with his name. About 100 years later, in 1919, it was discovered that 
patients with PD are deprived of cells in the substantia nigra, and in 1957, the 
neurotransmitter dopamine was discovered by Dr. Carlsson in the beautiful city of Lund, 
southern Sweden63. Since then, the knowledge surrounding the disease and its etiology has 
grown steadily. There are several neurological conditions sharing some clinical 
manifestations, with the focus of idiopathic PD being described and studied in this thesis. 
 
2.2.1 Symptoms, incidence and prevalence 
Idiopathic PD is of a neurodegenerative nature and its pathophysiology is defined by early 
death of dopaminergic neurons in the substantia nigra pars compacta. As a result, the 
deficiency of dopamine leads to the manifestation of what is called parkinsonian 
symptoms64. The clinical manifestations of PD are often described by the four cardinal 
symptoms, with the acronym TRAP: Tremor at rest; Rigidity; Akinesia; and Postural 
instability. However, there are several other common symptoms or manifestations related to 
the disease, both motor and non-motor, including, but not limited, to the following: freezing 
of gait; flexed posture; depression; cognitive decline/dementia; autonomic dysfunction; 
anxiety; and sleep fragmentation/insomnia65. The diagnosis of PD is normally based on 
observed symptoms resembling the cardinal symptoms (TRAP) and/or other visible motor 
manifestation such as shuffling gait, combined with response to Levodopa66.  
The prevalence of PD is one of the highest among the neurodegenerative diseases and 
increases with age, starting at (all per 100 000) 428 for 60 to 69 year olds and continuing up 
to 1087 for 70 to 79 year olds67. The incidence also rises with age and has been reported as 
13.4 per 100 000 person-years if age- and gender adjusted, with a peak in incidence 
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between the ages of 70-79 years68, 69. Males have a higher incidence in all age groups. 
Furthermore, it has been postulated that the amount of diagnosed people will increase 
continually in Europe over the next 15 years70. 
 
2.2.2 Disease progression 
Non-motor symptoms are normally present before onset of the more typical motor 
manifestations, such as rapid eye movement sleep behavior disorder which occurs on 
average 12-14 years before motor symptoms71. Later the progression of disease is portrayed 
by worsening of symptoms related to motor function, usually treated using symptomatic 
therapy64.  Disease severity is clinically classified using the Hoehn & Yahr (H&Y) disease 
scale, where a high level of impairment is coupled with a heightened experience of activity 
limitations72. The scale ranges from one to five, where higher class signifies greater 
impairment (Table 1).  With time, long-term side-effects of treatment appear such as motor 
fluctuations, dyskinesia and psychosis73, as well as axial motor symptoms such as freezing 
of gait, balance dysfunction/postural instability, falls and dysphagia64. 
 
Table 1. The Hoehn & Yahr scale. 
1 Unilateral involvement only usually with minimal or no functional disability 
2 Bilateral or midline involvement without impairment of balance 
3 Bilateral disease: mild to moderate disability with impaired postural reflexes; physically independent 
4 Severely disabling disease; still able to walk or stand unassisted 
5 Confinement to bed or wheelchair unless aided 
 
2.2.3 Balance impairments in PD 
Being active in daily living is important to maintain health, and in people with PD, gait and 
balance impairments that develop over time may hinder activity, thereby having a large 
effect on health related quality of life74, 75. Posture and balance are pillars of the ability to 
walk and stand, and balance (or postural) control has been defined as maintenance of 
equilibrium of the body in relation to the force of gravity under both dynamic and static 
conditions76. A perhaps more advanced interpretation of balance control comes from Horak 
et al (2006), where balance/postural control is defined as a complex skill based on different 
sensorimotor processes interacting dynamically, where the goals of postural behavior 
include orientation and equilibrium of posture77. Balance impairment can be present early 
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in PD, and its association to falls and fear of falling potentially adds to the effect of 
undermining activity and independence78. Roughly, one third of individuals with PD 
develop balance impairment during the first two years after diagnosis76, and the 
manifestations of balance problems in PD is believed to be evident in four domains, namely 
balance during quiet stance, reactive postural adjustments, anticipatory postural adjustments 
and dynamic balance79. Evidently, balance impairment responds poorly to medical or 
surgical treatment, such as Levodopa and deep brain stimulation80. Thus, other treatment 
and rehabilitation options for older adults with PD are of major importance. 
 
2.2.4 Balance training 
There is evidence of the benefits of physical therapy for balance performance, showing 
minimal clinical important changes81. Exercise therapy focusing mainly on components of 
balance impairment, i.e. balance training, show moderate to high effect sizes79. As a matter 
of fact, intervention programs incorporating highly challenging balance exercises 
demonstrate to a greater extent an improved performance of activities related to balance, 
compared to other types of programs. Yet, there is no effect on proportion of fallers82. It has 
been proposed that long term follow-ups of balance training interventions are performed to 
determine the trajectory of change over time, and perhaps also cost-effectiveness, 
preferably using some randomized controlled trial of greater quality and size81, 83. 
 
2.2.5 Hypothetical effects of balance training on physical activity 
The reports of beneficial effects of PA or exercise on balance control in older adults are 
numerable84-88, yet there are fewer investigating the inverse relationship. Currently 
available findings report a short term effect of balance training on habitual PA in older 
adults with osteoporosis and in older adults with PD, where outcomes in both studies were 
based on steps/day89, 90. Suggestions have been made that retaining balance control may 
allow people with PD to stay active in daily living. Since there is evidence of 
training/exercise effects on gait and gait-related activities in PD82, 90, 91, together with results 
showing beneficial effects on depression and cognitive decline3, 8, this may also have 
beneficial fallout on level of habitual PA in older adults with PD. Studies have shown an 
association between greater exercise ability and higher level of habitual PA and greater 
balance control92. Adding on, frequent fallers tend to have a greater amount of limitations 
in activities of daily living (ADL) leading to a lower ability to perform common day-to-day 
activities, and also a greater fear of falling, shown to be associated with lower levels of 
habitual PA93. Therefore, by performing balance exercises it may be possible to increase or 
at the very least retain ones level of daily activity, despite functional limitations. 
Investigations are needed to confirm or reject these assertions, since the relationship 
between balance control and PA may be influenced by mediating factors.  
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2.3 PHYSICAL ACTIVITY IN PD 
Previous research has shown that in general, individuals with PD do not reach the 
recommended amount of PA 94-96. The desirable effects of PA are also available for people 
with PD, as reviews of the literature have concluded beneficial effects on mobility, gait, 
balance and muscle strength97-99. When considering more structured PA, people with PD 
who exercise have higher self-rated mobility and self-efficacy, and are less depressed in 
comparison to those not exercising100. Exercise may also improve the dopaminergic system 
and optimize drug efficiency94. Adding to the discourse, both experimental and basic 
research has shown that high-intensity exercise may promote neuroplasticity in areas of the 
brain affected by PD101-104. Furthermore, the non-motor symptoms related to PD, such as 
depression, sleep disturbance and cognitive decline, may all add to the risk of adopting a 
sedentary lifestyle, which may start a vicious circle, considering that inactivity may 
negatively affect clinical manifestations of the disease94. Hence, sedentary may accumulate 
and increase the risk of comorbidities and mortality (Figure 4). 
 
Figure 4. Symptoms of PD and the vicious circle. Inspired by Speelman et al (2011)94. 
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Most studies investigating activity have used subjective measures, probably due to the ease 
of administration, lower costs or sample sizes that have been of a magnitude that hinders 
objective measurement. However, the tide is turning and objective measurement is 
becoming more common. In a systematic review performed by the author in 2015 
(unpublished) with the aim of gathering articles reporting objectively measured habitual PA 
in older adults with PD, 13 studies were found in the literature. After initial quality control 
and exclusion of those not reaching general recommendations of what constitutes valid 
number of measured days / measurement period and hours / day, as well as those publishing 







Table 2. Studies of objectively measured habitual weekly physical activity in older adults with Parkinson’s Disease, available in the Pubmed, Cochrane 
and Web of Science databases in 2015. 
Paper Quality
a 
















PD, mild to moderate 293 614 TAC 16.4 min/day 27% 
Dontje et al, 2013
106
 Average Accelerometer, 
TracmorD 
PD, mild to moderate 510 mean 
kcal/day 
17.8 min/day 15% 
Ford et al, 2010
107
 Average Pedometer, StepWatch3 PD, mild to moderate 8996 steps/day - Inconclusive 
Hale et al, 2008
108




 - Inconclusive 
Lord et al, 2013
109
 Average Accelerometer, 
ActivPAL 
PD, mild to moderate 5452 steps/day 5,1 min/day 21% 






PD, advanced 2259 steps/day - Inconclusive 






PD, mild to moderate 458 kcal/day - Inconclusive 
aDefined using a checklist based on Swedish Agency for Health Technology Assessment and Assessment of Social Services (SBU) observational study checklist112 and Tooth et al113. 
bDescription of the population from which the sample was drawn. cTotal activity counts (TAC) or steps per day. dMean amount per day. e10 000 steps / day or 30 min of moderate to 
vigorous PA / day. fMean vector magnitude.
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Of these seven, only three reported some measure of MVPA or number of participants 
reaching recommendations. The low number of studies suggests further investigation of 
level of PA in this group. Although no greater conclusion should be drawn from these few 
papers, the results display a population not reaching recommended levels of PA, and in dire 
need of effective interventions. 
 
2.4 RATIONALE FOR THIS THESIS 
Due to the importance of PA for older adults with PD, a need for valid, reliable and 
clinically accessible ways of measuring PA objectively is apparent. Accelerometry is a 
method increasing in popularity, with the Actigraph accelerometer being one of the most 
utilized instruments. Using cut-points to define different levels of activity is a common 
methodology in objective measurement, due to it being an accessible and easy way to 
quantify and analyse free-living PA114. Individuals with PD usually develop gait disorders, 
such as increased inter-stride variability, reduced walking speed with increased cadence, 
decreased step length, and gait hypokinesia that worsens as the disease progresses 115, 116. 
When measuring PA objectively, such as with an accelerometer, an altered gait presumably 
influences the measurement and induces a measurement error if cut points generated from 
healthy adults are used during analysis. This potential error might affect the defined levels 
of time in different activity levels when measurements on individuals with PD are analysed, 
hence modifying conclusions based on the data. Since specific cut-points for PD have been 
lacking, the need for a calibration is essential, in this case of one of the most commonly 
used accelerometers. 
To properly understand a behavior such as PA and design interventions influencing it, it is 
essential to fathom what influences the behavior and find modifiable factors that are 
associated. Associated factors of PA have previously been explored in PD, but the variance 
of PA has only been partly explained, highlighting the need for further exploration of 
correlates95. Adding on, since there is a proposed association with balance control and 
habitual PA and ADL, the effects of a highly-challenging balance training program on PA in 
older adults with PD is of great clinical interest. Mild-to-moderate disease severity is of 
specific interest, since although balance and mobility impairments are apparent, ambulation 
is still independent. If successful in increasing health-enhancing PA through this program, it 
may supplement the arguments for implementation into clinical practice. Also, if long term 
effects are investigated, indications as to how often older adults with PD need to train to 





The overall aim of this thesis was to investigate correlates of PA in older adults with PD 
and to evaluate both short and long term effects of the HiBalance program on PA and 
sedentary behavior. A further aim was to investigate the associated factors to a training effect 
on PA. To this end disease-specific physical activity estimates are needed. 
 
3.1 SPECIFIC AIMS 
Paper I: The objective of the study was to define and validate accelerometer cut points for 
both the vertical axis and vector magnitude (VM) for different walking speeds in older 
adults with mild-to-moderate PD. 
Paper II: The aim was to investigate demographic, disease- and mobility-related factors 
that associate with objectively measured PA in a sample of older adults with mild-to-
moderate PD. 
Paper III: This paper aimed to investigate short-and long term effects of the HiBalance 
program on total PA, amount and bouts of brisk walking, and sedentary behavior. A further 





4.1 STUDY DESIGN 
Paper I is a methodological calibration study of the accelerometer of choice, with Paper II 
founded on a cross-sectional study and Paper III describing a randomized controlled trial 
with short- and long-term follow up, evaluating the HiBalance program (the BETA-PD 
study; clinical trial number NCT01417598). 
 
4.2 ETHICAL APPROVAL 
Ethical approval for all studies contained within this thesis was obtained from the Regional 
Board of Ethics in Stockholm (DNR 2006/151-31, 2009/819-32, 2010/1472-32, 2011/37-32 
and 2012/1829-32). These studies were conducted according to the Helsinki Declaration 
(ethical principles for medical research involving human subjects), and all participants 
provided written informed consent before their inclusion. Furthermore, to compensate 
participants in the control group of the RCT for not receiving the intervention during the 





In Paper I, participants for the study were recruited using advertisements at the local 
hospital and via patient organisations. The measurements were performed during autumn of 
2013. For Paper II and Paper III, recruitment was performed using advertisements in local 
newspapers and notices at private neurological clinics and local hospitals. A majority of the 
participants (70%) were recruited using advertisements. Data were collected during spring 
2012 to summer 2014.  
Inclusion criteria for the study in Paper I were:  ≥60 years of age; a clinical diagnosis of 
idiopathic PD (Queens Square Brain Bank criteria)117; and mild-to-moderate disease 
severity (H&Y-score 2-3)118. Participants were excluded if a need for any walking 
assistance or aids was apparent or reported or if they were unable to perform nine minutes 
of independently executed walking indoors. 
Eligible participants for the BETA-PD study (Paper II and III) were women and men ≥ 60 
years of age with a clinical diagnosis of PD according to Queens Square Brain Bank 
criteria117 and a H&Y-score of 2-3118. Other criteria were having the ability to ambulate 
indoors without walking aid, impaired balance according to a clinical assessment performed 
at baseline and ≥3 weeks of stable dopaminergic medication. Exclusion criteria were: a 
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Mini-mental state examination (MMSE) score <24119 signifying a cognitive deficit, and 
other medical conditions that would considerably influence balance performance or 
participation in the intervention. Background characteristics of all participants are presented 
in Table 3. 
 
Table 3. Participant characteristics of all included papers in this thesis. 
   Paper I Paper II Paper III
1 
     Training Control 
Descriptive variables   n=30 n=91 n=43 n=40 
Age, years   73 (5) 73 (6) 72 (6) 74 (6) 
Sex – female (%)   13 (43) 39 (43) 16 (37) 20 (50) 
BMI, kg/m²
a 
  24.6 (3) 26 (4) 25 (4) 25 (5) 
PD duration, years   6 (3-9) 5 (2-8) 5 (2-10) 5 (2-8) 
H & Y score (%)      
- 2   15 (50) 39 (43) 20 (47) 15 (38) 
- 3   15 (50) 52 (57) 23 (53) 25 (62) 
LED
b 
  693 (374) 573 (238) 584 (290) 649 (420) 
Balance control
c 
  - 19 (3) 19 (3) 18 (3) 
UPDRS motor
d 
  36 (8) 37 (11) 37 (11) 37 (11) 
UPDRS ADL
e 
  16 (5) 14 (5) 15 (4) 13 (5) 
Characteristics presented as means (SD), median (25th-75th percentile) or frequency (%).1Data from baseline 
assessment. aBody mass index. bLevodopa equivalency dose, mg/day according to Tomlinson et al (2010)120. 
cMini-BESTest total score. dUnified Parkinson’s Disease Rating Scale - part III. eUnified Parkinson’s Disease 
Rating Scale – Activities of Daily Living. 
 
4.3.2 Sample size estimation 
Sample size for the study described in Paper I was based on previous calibration studies 
influenced by its methodological nature and lack of effect from which to base power 
calculation upon. Also, the utilization of a leave-one-out cross-validation enabled all 
participants to remain while still validating the results. Previous comparable studies have 
included between 18 and 38 participants121-124. For Paper II and III, sample size estimation 
was based on a pilot study of the HiBalance program125 as well as similar studies performed 
in this population126, 127. To calculate power (80% at a 2-sided alpha level of 5%) three 
outcome measures were used: the Falls Efficacy Scale (FES-I), Mini-BESTest, and gait 
velocity. The final number of 100 participants in the RCT was determined by estimating a 
15% drop out and correcting for long term follow-up. 
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4.3.3 Paper I sample 
For this methodological study, a total of 31 older adults with PD were assessed for 
inclusion. During testing, one individual was excluded due to sudden illness, hence the 
sample finally contained 30 individuals (13 women). Moreover, one participant did not 
partake in all walking bouts due to fatigue, which led to missing data for this individual. 
 
4.3.4 Paper II and III sample 
For the RCT of the BETA-PD study, a total of 100 included participants were divided into 
two geographic cohorts, based on home address (either north or south due to hospital 
localisation). After initial baseline procedures/testing, the participant was randomized to 
either the intervention- or control group, using sealed opaque envelopes, entailing that both 
tester and participant were blinded. Since the persons acting as testers also served as 
trainers during the intervention, blinding of testers at the time points after baseline was not 
possible. However, trainers never acted as testers for individuals who had been part of the 
intervention group that they led in exercise. Of the 100 included and randomized 
participants, 76 completed the final 12 month follow-up (Figure 5). While this number 
completed the whole study, only 66 participants contributed with PA-data at 12 months, due 
to invalid or missing accelerometer data. 
In Paper II, three participants with baseline accelerometer data from the pilot study were 
added, resulting in a total of 91 participants. Furthermore, in Paper III, participants who 
were excluded from the HiBalance program (n=5) was removed from analysis, hence 







































































4.4 DATA COLLECTION 
A wide variety of assessment tools and measurements were used to gather data for the three 
papers, with analysis focusing on describing the samples as well as measure effects of the 
intervention. A summary of all outcomes and measurements used in the studies can be seen 
in Table 4. 
Table 4. Assessments included in the papers of the thesis. 
Assessments   Paper I Paper II Paper III 
Accelerometers   • • • 
UPDRS motor
1 
  • • • 
UPDRS ADL
2 
  •  • 
Electronic walkway
3 
   • • 
Mini-BESTest    • • 
FES-I
4 
   •  
GDS
5 
   •  
SF-36
6 
   •  
PDQ-39
7 
   •  
FOGQ
8 
  •   
LED
9 
  • • • 
BMI
10 
  • • • 
Self-reported falls    •  
1United Parkinson’s Disease Rating Scale motor score (part III). 2United Parkinson’s Disease Rating Scale – 
Activities of Daily Living. 3GaitRITE mat. 4Falls Efficacy Scale – International. 5Geriatric Depression Scale. 
6Swedish Short Form-36 Health Survey. 7Parkinson’s Disease Questionnaire. 8Freezing of Gait Questionnaire. 
9Levodopa Equivalency Dose (mg/day). 10Body Mass Index (kg/m2). 
 
4.4.1 Physical activity measurement 
Throughout all three studies, PA was measured using the Actigraph GT3X+ (Actigraph, 
Pensacola, FL). The GT3X+ is a small, lightweight accelerometer that registers acceleration 
in a raw format with a dynamic range of +/- 6 G and at a sample rate of 30 – 100 Hz. The 
raw data are defined in the unit of gravity and passes through a band-pass filter to eliminate 
non-human artefacts, or noise. At the moment, the user can choose between two filter 
algorithms, the standard filter or the Low Frequency Extension (LFE) option. The LFE 
increases the sensitivity to very low amplitudes, thereby theoretically increasing the 
possibility to sample movement from populations with slow movement or light steps. After 
data collection, all post-processing of data (filter choice, epoch length etcetera) was 
performed in the appurtenant ActiLife (Actigraph, Pensacola, FL) software. 
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In the studies within this thesis, the accelerometer was worn around the waist, attached to 
an elastic belt. For the weekly measurements in Paper II and III, it was worn by the 
participants for all waking hours and only removed when going to bed or during showers or 
baths. A log sheet where participants noted the time when the accelerometer was applied 
and removed was used for every measurement, and handed to the study coordinator after 
performed measure. It was also asked of the participant to note day and time of any activity 
or sedentary behavior that was not standard every-day occurrences, such as being sedentary 
a whole day due to traveling. At every measurement occasion participants were instructed 
on how to attach, wear and remove the accelerometer and the elastic belt. A brief instruction 
manual was also given to the participant which they could take home. 
Accelerometer data were downloaded using ActiLife and processed with the standard filter 
settings, all according to published recommendations128. For Paper II and III, an epoch of 
15 seconds was used, and non-wear time was defined as ≥90 minutes of consecutive zeroes 
which was subsequently removed from analysis. Spike tolerance (the allowance of small 
intervals of non-zero counts within non-wear time) and small-window length (up- or 
downstream window of consecutive zero-counts) was set to 2 minutes and 30 minutes, 
respectively129. After post-processing in ActiLife was completed, the data were transferred 
to a Microsoft Excel (Microsoft, Washington, US) spreadsheet to enable visual comparison 
of collected data with log sheet. By comparing data with logged time, all data collected 
during non-wear could be removed (e.g during accelerometer transport after wear period). 
Days containing <540 minutes of wear time was flagged and then excluded, and as 
thresholds for a valid measurement period, a minimum of four and maximum of seven days 
was used105, 130-132. Participant data with <4 days were excluded, as well as any days 
exceeding the seventh. 
The result of Paper I led to quantification of the brisk walking speed threshold, which was 
utilized to calculate outcome variables in Paper II and III. The threshold for ≤1.04 m/s was 
used as a lower cut-off for calculating minutes of brisk walking. The primary outcomes in 
Paper II was total PA, defined as total activity counts per day of the vector magnitude 
(TAC), and activity corresponding to minutes of brisk walking per day. The latter was 
defined using the threshold of >328 vertical axis (Y-axis) counts/15 second epoch. For 
Paper III, outcome variables were total PA represented by TAC, minutes of brisk walking, 
bouts of brisk walking, sedentary time and sedentary bouts. Sedentary time was derived 
using cut-point thresholds for older adults from Aguilar-Farías et al (2014)133, and bouts of 
sedentary and brisk walking was defined as any continuous bout lasting within the specific 
threshold for ≥10 minutes134. 
 
4.4.2 The Unified Parkinson’s Disease Rating scale 
The motor part of the Unified Parkinson’s Disease Rating Scale (UPDRS-motor)135, which 
assess common symptoms observed in PD such as rigidity, tremor, bradykinesia, gait and 
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postural stability, was used as an indicator of disease severity. It contains 27 items which 
are summarized as a total score (of 108 points), where a higher score indicates a greater 
degree of severity. It has been thoroughly tested for different types of validity and 
reliability, yielding satisfactory results136. Within the UPDRS-motor is the retropulsion test, 
which is used to assign a Hoehn & Yahr-classification corresponding to the disease severity 
of the patient. Although heavily weighted towards postural instability and therefore not 
encompassing a greater image of symptoms, it is widely used and fulfils some reliability 
and validity criteria72. 
Activities of daily living (ADL) were assessed using the UPDRS-ADL (part II), measuring 
disease related ADL, or motor disability136. It is a questionnaire comprising 13 items and 
may be used either in interview form or by self-report. The items cover questions regarding 
the self-perception of bodily functions, such as speech and swallowing, as well as activities 
like walking and making the bed. In the studies of this thesis, an interviewer recorded the 
self-assessed score on the ordinal scale ranging 0-4.The sub-scores were then summarised 
to a total, where a higher score equals more severe problems. The scale has been proven 
both valid and reliable for individuals with PD137. 
 
4.4.3 Balance control 
To measure balance control the Mini-BESTest was used, a clinical test encompassing 14 
items and covering four theoretical components of balance; postural responses, stability in 
gait, anticipatory postural adjustments and sensory orientation138. Sub-scores are based on a 
three-level ordinal scale from 0 to 2 (0 = unable or requires help, 2= normal), with a 
maximum score of 28. The validity and reliability of the Mini-BESTest have been tested 
and proven to be of acceptable standard for older adults with PD139, 140.  
 
4.4.4 Gait 
The measurement of gait was performed using the electronic walkway GAITRite (CIR 
Systems, Inc., Haverton, PA, USA). The nine meter walkway is equipped with pressure 
sensors and connected to a computer, hence enabling collection and analysis of temporal as 
well as spatial gait parameters, such as gait speed and step and stride length. The GAITRite 
has been determined valid and reliable for the measurement of gait performance in 
individuals with PD141, 142. 
 
4.4.5 Physical function 
For the self-assessed measure of physical function, the sub-score Physical Function (PF) 
from The Swedish Short Form-36 Health Survey (SF-36), as well as the sub-domain 
 23 
 
Mobility from the Parkinson’s Disease Questionnaire (PDQ-39) were used. Both SF-36 and 
PDQ-39 are self-administered questionnaires and cover eight dimensions of health and 
function. The more PD-specific questionnaire, PDQ-39, envelops areas reported by 
individuals with PD as adversely affected by the disease. An important difference between 
PDQ-39 and SF-36 is the score interpretation, where a lower score of the PDQ-39 indicates 
better perceived health, and vice versa for the SF-36. Furthermore, the two scores each 
contain 10 items related to the own perceived ability to be mobile and active in daily life. 
The SF-36 has been proven valid and reliable across many medical conditions143-145. The 
PDQ-39 is the most used and thoroughly tested scale of health-related quality of life in PD, 
and has been tested in countless cultural settings. It has satisfactory validity and reliability 
and is the current recommended measure for individuals with PD146. 
 
4.4.6 Dyskinesia 
During the UPDRS-motor testing, potential dyskinesia in any part of the body was 
assessed, graded on a five grade scale (5=severe, 0= none), and noted. In Paper II, 
dyskinesia was dichotomized (1= dyskinesia in any part of the body, 0= no dyskinesia) due 
to uneven distribution. 
 
4.4.7 Falling 
During the interview process of the BETA-PD study, the number of falls was 
retrospectively reported by the participant. The fall data variable was dichotomized, where 
≥2 falls during the last 12 months classified the participant as a recurrent faller147. The 
definition of a fall was an unexpected event in which the participant came to rest on the 
ground, floor or a lower level148. 
 
4.4.8 Depression 
The Swedish version of the Geriatric Depression scale (GDS) was used as an assessment of 
depressive symptoms149. The Swedish GDS includes 20 questions with dichotomous 
response options and has previously been used for assessment of older adults with PD150. 
The measure has been deemed a valid and reliable self-rating depression screening scale for 
older adults151, 152. 
 
4.4.9 Concerns about falling 
Concerns about falling were assessed using the Falls Efficacy Scale - International (FES-I), 
a self-administered questionnaire covering the performance of 16 specific in-and outdoor 
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daily activities153. Each item is scored on a scale of one to four of which a total score (16-64 
points) is calculated, with a higher value indicating greater concerns about falling. The 
scale has been shown to hold satisfactory psychometric properties154. 
 
4.4.10 Freezing of gait 
Freezing of gait was assessed using the Swedish version of the Freezing of Gait 
Questionnaire (FOGQ). The FOGQ is administered by the clinician, where the individual 
with PD self-rates the level of FOG experienced in daily living. The scale contains six 
items with five scale steps, which is summed to a total score (higher score equals greater 




4.5.1 Paper I 
The assessment and data sampling took place at Karolinska Institutet in Huddinge, Sweden 
and were led by a physiotherapist that was well familiar with the methods. A pre-designed 
protocol was followed where participants were first informed of the study and how data 
would be managed and stored, after which written informed consent was obtained. Weight 
and height were measured using an electronic scale and a stadiometer, followed by an 
interview that was conducted where all questionnaires were completed. Next, tests related 
to disease severity were performed, followed by the participant being fitted with a heart rate 
monitor belt around the chest (underneath clothing) and an accelerometer - attached to an 
elastic belt around the waist. Participants wore regular in-door clothing and shoes. A 
walking trial was performed, where the participants briefly practiced walking at their self-
defined speeds of brisk, normal and slow speeds, as well as estimating their perceived 
exertion on the Borg’s Rating of Perceived Exertion (RPE) scale. Thereafter the test session 
was initiated, where participants walked in an in-door circular hallway for three minutes, at 
the three self-defined speeds. Between each walk the participant rested until the heart rate 
reached pre-walking levels. Before and after each walk, the participant rated the exertion 
using the RPE scale, and the physiotherapist documented the present heart rate. 
 
4.5.2 Paper II and Paper III 
Baseline measures of the included participants were performed in a movement analysis 
laboratory at Karolinska Institutet, Huddinge, Sweden. The testing comprised two parts, 
interviewing and administration of questionnaires, and measurement performed in the 
laboratory. After testing, each participant was allocated to either the intervention or control 
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group, using sealed and numbered opaque envelopes to ensure blinding. Prior to 
randomization which was performed in blocks of four, the participants were required to 
choose geographical cohort (north or south, based on living location). Each cohort had 
separate randomization envelopes. If randomized to enter the intervention group, the 
participant entered the HiBalance program, entailing 10 weeks of highly progressive and 
challenging balance training. At the end of the program (three months later), all participants 




The intervention of the BETA PD study, the HiBalance program, was conducted in groups 
of 4-7 participants. The 10-week program was performed for an hour, three times per week, 
and a minimum of two physiotherapists supervised the training. The program entailed four 
theoretical components of balance and gait: Sensory integration (tasks of walking on 
varying surfaces with or without visual constraint); Anticipatory postural adjustments 
(voluntary arm/leg/trunk movements focusing on movement velocity and amplitude as well 
as transitions of posture); Motor agility (coordination of the whole body during variation of 
gait conditions and reciprocal movements and quick shifts of movement characteristics 
during predictable and unpredictable conditions); and Stability limits (voluntary leaning 
tasks in standing with varying weight shifts in multiple directions using arm and trunk 
movement)156. 
The intervention period was divided into three blocks (A, B and C), in line with the 
progressive nature of the program. Block A (week 1-2) was an introduction period, where 
the participants were introduced to single-task balance exercises of each component of the 
program. In block B (week 3-6), dual-task exercises (combining concurrent cognitive 
and/or motor task whilst performing gait and balance exercise) were introduced to each 
component, further increasing difficulty. Finally, in block C (week 7-10), the amount of 
dual task was intensified and the difficulty level of exercises increased by combining 
different components (Table 5). All supervising physiotherapists were educated regarding 






Table 5. Overview of the blocks contained within the HiBalance program. 
Block Week Standing Walking Dual Task  
A 
1 Stability limits Motor agility - 
2 APA
 
Sensory integration - 
B 
3 Stability limits Motor agility C 
4 APA Sensory integration M 
5 Stability limits  Motor agility C 
6 APA Sensory integration M 
C 
7 Stability limits 
C + M 
8 Motor agility 
9 APA 
10 Sensory integration 
Dual task; performing several tasks simultaneously. C= Cognitive dual task (e.g adding counting to exercise). 
M = Motor dual task. Adding a motor task to exercise (e.g. carrying a tray or ball); APA= Anticipatory 
postural adjustments. 
 
Each training session started with a five minute warm up containing basic cardiovascular 
exercises. The warm up was followed by highly-challenging exercises that consisted of 
walking and standing, the distribution depending on current component and block, for 
about 50 minutes (short brakes were included). To end the session, a five minute ‘cool 
down’ was performed, focusing on stretching, breathing and slow movements in sitting. 
To conform to clinical practice, the participants in the intervention group received Physical 
Activity on Prescription (PAP) after the intervention ended. The PAP was attuned to each 
participant’s interests, abilities and needs, and followed-up telephonically after 3 months. 
 
4.6.1 Control group 
The control group participants were instructed to maintain normal activity and daily living, 






4.7 DATA ANALYSIS 
Statistical tests, analysis and compilation of descriptive data were performed using SPSS 
for Windows (SPSS Inc., Chicago, IL, USA) and R (R Core Team (2015), R Foundation for 
Statistical Computing, Vienna, Austria. URL: https://www.R-project.org/). Table 6 lists all 
descriptive statistics and statistical methods used in this thesis. 
 
Table 6. Statistical methods used in the respective studies contained in this thesis. 
 Paper I Paper II Paper III 
Descriptive statistics    
Mean • • • 
Standard deviation • • • 
Median • •  
Frequency • • • 
25th-75th percentile • •  
95% Confidence interval • •  
Min-max  •  
Statistical methods    
Receiver operating characteristic curves •   
Leave-one-out cross-validation •   
Cohen’s Kappa •   
Independent samples T-test  • • 
Mann-Whitney U test  • • 
Spearman’s rank correlation test  •  
Pearson Chi-Square   • 
Multiple linear regression  • • 
Mixed ANOVA   • 
Multilevel model   • 
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4.7.1 Paper I 
Data regarding age, BMI, disease duration, disease severity and amount of medication were 
compiled for descriptive purposes. Since walking speed varied in every walking bout (on a 
group level) regardless of instructed speed, data restructuring were deemed necessary. Data 
was restructured using the 75th percentile of slow walking (1.04 m/s) as the lower threshold 
for normal speed, and the 25th percentile of brisk walking (1.31 m/s) as the higher threshold 
for normal speed. Thereafter Receiver Operating Characteristic (ROC) curves were used on 
restructured data to visualize a curve of the trade-off between sensitivity and specificity in 
each domain, and to determine the most sensitive and specific cut-off for the three walking 
speeds. Here, we used an approach that aims to maximize the specificity of the high 
accelerometer count cut-off (brisk), whereas for the low cut-off (low walking speed) 
sensitivity is maximized. This is a common procedure in calibration studies121, 157-159, and 
was done on the basis that a false positive was considered worse than a false negative when 
it comes to a health-enhancing behaviour (brisk walking), whereas the opposite would 
apply for the low walking speed. Area under the curve (AUC), combined with confidence 
intervals was also calculated and reported. After cut-offs with the most beneficial sensitivity 
and specificity were defined, they were validated using a leave-one-out cross-validation. 
Calculated cut-offs on n-1 participants were tested on the individual left out where the 
predicted walking speed was compared to observed speed, thereby investigating the 
agreement. This was performed for all participants, followed by the calculation of a 
quadratic weighted Cohen’s Kappa160. 
As supplementary analyses for this thesis, descriptive comparisons of both self-defined and 
post-restructured walking speed, as well as absolute agreement and quadratic weighted 
Kappa divided by sex, were derived. 
 
4.7.2 Paper II 
Descriptive data regarding demographic, disease-related and mobility-related factors were 
calculated, and variables from each domain were carried forward to either independent 
samples T-test or Mann-Whitney U-test to investigate differences between the classes if 
dichotomous, or utilized in a Spearman rank correlation test (if continuous) to ascertain 
associations to the two dependent variables, total PA (TAC) and brisk walking (minutes of 
walking >1.0 m/s). Dichotomous variables of near statistical significant differences 
between the categories regarding total PA or brisk walking, as well as those correlations 
with a p-value of <0.25, were inserted in two backwards entry linear regression models 
(one for each dependent variable). Age was controlled for in both models. Residual analysis 
showed heteroscedasticity and outliers, hence both dependent variables were square root 
transformed. No multicollinearity or leverage points were present. 
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Supplementary analysis comprised investigation of association between season and levels 
of PA at baseline, using both parametric and non-parametric testing (only results from t-
tests reported). 
 
4.7.3 Paper III 
Data regarding demographics, disease related factors and factors related to physical 
function were summarized descriptively. A Mixed analysis of variance (ANOVA) was used 
to investigate short term effects of the intervention on total PA, brisk walking and sedentary 
behavior. Inspection of outliers was performed visually using boxplots and by calculating 
studentized residuals. Due to the presence of outliers within total PA and brisk walking, 
these variables were square root transformed before entered into the ANOVAs. To examine 
factors associated with a training effect on PA, T-tests were performed to analyse the 
difference between those increasing versus not increasing PA on the variables previously 
shown to be influenced by the intervention (balance control, step length and speed as well 
as UPDRS-ADL)90 and season post-training. Further analysis was performed using a 
multiple linear regression, where associated factors to a difference in PA, was examined. 
The regression model was controlled for age, increased balance and the interaction term of 
group*season to investigate whether season alone had an effect on PA or was dependent on 
group affiliation. 
The long term effects of the intervention on PA were analysed using a Multilevel model 
(maximum likelihood) approach. The model consisted of four fixed factors (time, group, 
time*group, season) and two random factors (intercept and time) to allow for both a 
random intercept and slope. The repeated covariance type was set to a first-order 
autoregressive (heterogeneous) structure, taking into account the higher correlation between 
measures closer in time compared to those further apart, and that variance was assumed 
heterogeneous. Comparison of model fit between nested models was performed using chi 
square goodness of fit test in order to find the most appropriate model (chi square results 
not reported). 
Supplementary analysis comprised of calculating estimates of effect on brisk walking at 




In this section, results from the performed studies will be summarized, and some 
supplementary analyses will be presented. For a more detailed description of the results of 
each paper, please see the publications and manuscripts. 
 
5.1 CALIBRATION OF THE GT3X+ ON OLDER ADULTS WITH PD 
The data restructure procedure generated three speed intervals with a total of 88 performed 










Table 7. Descriptive data of walking bouts before and after restructuring. 
 Y-axis counts /15 sec
a 
VM counts / 15 sec
b 
Walking speed (km/h) Heart rate (BPM) Perceived exertion (RPE) 
Self-defined      
Slow 332 ± 210 484 ± 242 3.3 ± 0.6 92 ± 18 12 (9-13) 
Normal 548 ± 237 657 ± 251 4.2 ± 0.6 96 ± 19 13 (11-13) 
Brisk 738 ± 273 847 ± 275 5.1 ± 0.8 104 ± 20 14 (13-15) 
Post-restructuring      
≤1.04 m/s 256 ± 150 427 ± 230 3.2 ± 0.4 89 ± 17 13 (9–13) 
1.05–1.30 m/s 574 ± 144 679 ± 176 4.2 ± 0.3 95 ± 18 13 (11–13) 
≥1.31 m/s 819 ± 217 911 ± 232 5.3 ± 0.5 106 ± 19 13 (13–15) 






Y-axis counts per 15 seconds.
b
Vector magnitude counts per 15 seconds.
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The performed ROC curve analysis generated two cut-points per axis, with a sensitivity of 
100-68% and 89-64% and a specificity of 75-82% and 66-82%, attained for the Y-axis and 
VM, respectively (Figure 6). The leave-one out cross-validation showed an absolute 
agreement of 74% for Y-axis cut-points. Calculated cut-points are presented in Table 8 while 
the results from the quadratic weighted Kappa-analysis are displayed in Table 9. 
 
Figure 6. Examples of ROC curves from cut points for ≤1.04 m/s. I = Y-axis, II = VM. 
 











d ≤ 1.04 100 75 0.940 (0.882-0.998) ≤ 328 
 1.05-1.30     
 ≥ 1.31 68 82 0.826 (0.716-0.936) ≥ 730 
VM
e
 ≤ 1.04 89 66 0.816 (0.708-0.923) ≤ 470 
 1.05-1.30     
 ≥ 1.31 64 82 0.784 (0.663-0.905) ≥ 851 
a














Table 9. Agreement between cut-point calculated speed and actual walking speed. 
Descriptives Y-axis Vector magnitude 
Kappa
a
 0.792 0.691 
SE
b
 0.049 0.068 
95% CI low
c
 0.697 0.559 
95% CI high
d
 0.888 0.824 
a
Quadratic weighted Cohen’s Kappa coefficient. bStandard error. cLower boundary of 95% confidence interval 
for the Kappa coefficient. 
d
Higher boundary of 95% confidence interval for the Kappa coefficient. 
 
Agreement separated by sex resulted in minor differences, with the largest found between the 
absolute agreement of the vector magnitude cut points. Kappa and absolute agreement are 
displayed in Table 10 below. 
 
Table 10. Agreement of derived cut points stratified by sex. 
Descriptives Women Men 
 Y-axis Vector magnitude Y-axis Vector magnitude 
Absolute agreement, % 74 62 73 67 
Kappa
a
 0.790 0.667 0.787 0.710 
Kappa SE
b
 0.079 0.108 0.066 0.091 
Kappa 95% CI low
c
 0.635 0.456 0.658 0.531 
Kappa 95% CI high
d 0.944 0.878 0.915 0.889 
aQuadratic weighted Cohen’s Kappa coefficient. bStandard error. cLower boundary of 95% confidence interval 
for the Kappa coefficient. 
d





5.2 FACTORS ASSOCIATED TO PHYSICAL ACTIVITY AT 
BASELINE AND EFFECTS OF INTERVENTION 
Wear time, total PA and percentage of time in sedentary, illustrated by total numbers as well 
as separated by group for all time points, are presented in Table 11.  Sedentary bouts (≥10 
minutes of sedentary) and bouts of brisk walking (≥10 minutes of activity corresponding to 
brisk walking) spanned from 12-15 bouts per day and 0.51-0.98 bouts per day, respectively, 
over the course of the study. The number of brisk walking minutes for each measurement 
time is presented in Figure 7. 
 
Table 11. Wear time, sedentary and total PA of all participants with valid data, for the entire 








Total sample (n=83) 828 (80) 75 (8) 286445 (143839) 
-Intervention (n=43) 851 (91) 75 (7) 322094 (114383) 
-Control (n=40) 806 (64) 74 (10) 299528 (159962) 
at Post-intervention 
Total sample (n=74) 825 (87) 73 (8) 303685 (162261) 
-Intervention (n=39) 841 (86) 72 (9) 363102 (175930) 
-Control (n=35) 811 (87) 75 (7) 280490 (139463) 
at 6 month follow-up 
Total sample (n=67) 832 (75) 76 (8) 279150 (129247) 
-Intervention (n=36) 842 (74) 74 (7) 314822 (124716) 
-Control (n=31) 823 (77) 77 (8) 262485 (138947) 
at 12 month follow-up 
Total sample (n=66) 824 (92) 76 (8) 262338 (137232) 
-Intervention (n=34) 844 (84) 75 (8) 320444 (138637) 
-Control (n=32) 804 (97) 76 (9) 252497 (135432) 
All values presented as mean (SD). 
a
In minutes per day.  
b
In percentage of wear time. 
c
In vector 





































The primary analysis using t-tests to investigate mean differences, in Paper II, showed that 
those with dyskinesia and with a partner had higher total PA compared to those without 
(p=0.02 and 0.19, respectively), and those with a H&Y-score of 2, compared to 3, had a 
higher number of brisk walking minutes, although insignificant (p=0.22). The correlation 
analysis showed nine and eight variables correlating to total PA and brisk walking, 
respectively. The following analysis using multiple linear regression resulted in adjusted R
2
 
values of 0.34 and 0.22, and gave way to four (and one near significant - balance control, 
p=0.06) and two significant associated factors, of total PA and brisk walking respectively 
(Table 12). 
 
Table 12. Correlates of total PA and brisk walking using multiple linear regression. 
Correlates B Beta p 95% CI for B 
    Lower Upper 
TOTAL PA 
Constant 709.94 - <0.01 224.10 1195.78 
Motor impairment
1 
-3.54 -0.28 <0.01 -5.85 -1.23 
Physical function
2 
1.68 0.24 0.01 0.36 3.00 
BMI
3 
-7.34 -0.24 0.01 -13.00 -1.68 
Dyskinesia
4
 73.04 0.22 0.03 6.00 140.10 
Balance control
5 
7.75 0.19 0.06 -0.31 15.82 
BRISK WALKING 
Constant 1.96 - 0.61 -5.70 9.61 
Physical function
2 
0.04 0.32 <0.01 0.02 0.07 
Balance control
5
 0.19 0.26 0.02 0.04 0.35 
1
UPDRS motor score. 
2
SF-36 Physical function score. 
3
Body Mass Index. 
4
Dichotomized (0=no 
dyskinesia, or 1=dyskinesia). 
5
Mini-BESTest total score. 
 
A difference in absolute numbers between total PA and brisk walking at different seasons of 
the year during baseline was seen, though the distribution was wide and there were no 





Figure 8. Amount of PA at baseline separated by season for total PA and brisk walking. 
 
The ANOVA, investigating short-term effects of the HiBalance program, showed a 
significant interaction effect between group and time for brisk walking (p<0.01), indicating a 
higher amount of brisk walking in the intervention group. All other outcome variables had 
insignificant interaction effects (total PA p=0.21; brisk walking bouts per day p=0.35; 
sedentary per day p=0.19; sedentary bouts per day p=0.53). The examination of factors 
associated with a training effect on PA, using a multiple linear regression showed that the 
emergent difference in brisk walking between baseline and post-intervention was associated 
to group affiliation and season (p<0.01 for both variables), with the association of each one of 
these variables being independent of the other (interaction term season*group p=0.25). 
The long-term effect analysis (Multilevel model) resulted in a significant overall interaction 
term (group*time) for brisk walking (p=0.04), indicating that the intervention group increased 
their amount of brisk walking, in comparison to the control. All other outcomes had 
insignificant interactions (total PA, p=0.43; sedentary time, p=0.27; time in sedentary bouts, 
p=0.36; bouts of brisk walking, p=0.21). Table 13 displays interaction effects between each 
time point for brisk walking, along with respective effect sizes. 
Table 13. Estimates and effect sizes for brisk walking at all time points. 






10.04 0.04 0.59 - 19.48 0.34 0.34 
I-group*6m
b 
8.23 0.02 1.38 - 15.08 0.36 0.35 
I-group*12m
c 
3.63 0.43 -5.52 - 12.78 0.15 0.15 
1
Effect size calculated using Cohen’s D on mean values and SD for each group and time point. 2Effect 






















The discussion presented here will cover a few subjects similar to the discussions of the 
papers, yet is more of a speculative nature and will to a greater degree focus on absent results, 
some specific parts of the results in comparison to other studies as well as factors of interest 
that were not explored in this thesis. For further discussion of main findings and methods, 
please see Paper I-III. 
 
6.1 OVERALL FINDINGS 
The results derived from the calibration part of the thesis suggested sensitive, specific and 
cross-validated cut points for both the vertical axis and vector magnitude of the Actigraph 
GT3X+, to be utilized when measuring habitual PA in older adults with PD. According to the 
results, the Y-axis cut points showed greater sensitivity and specificity than that of the VM. 
The investigation of correlates of PA demonstrated that factors associated with total PA and 
brisk walking differs, and that some of these are potentially modifiable, while a consequence 
of medication, such as dyskinesia, may dilute the signal and perhaps also lead to false 
conclusions. Adding on, the evaluation of short-and long-term effects of the HiBalance 
program revealed that PA increased in the intervention, in comparison to the control group, 
yet of all factors investigated, only brisk walking was influenced, with the effect not lasting 
after six months. Further, analysis of factors related to a training effect on brisk walking 
demonstrated that group affiliation and season at the end of the intervention was 
independently associated to an increased PA, while there was no relation to an improvement 
in balance control. 
 
6.2 GENERATED CUT POINTS FOR PA MEASUREMENT 
Although accelerometry is not suitable for all types of human movement, such as weight 
lifting or cycling
161
, the methodology is still suitable for classifying activity intensity of older 
adults, and is even considered a gold standard by some
162
. However, problems incorporated 
in the method arise when aiming to extrapolate and infer some form of physiological or 
functional meaning from gathered data. There are distinct opinions regarding best practice 
when validating or calibrating an accelerometer. On one hand, researchers suggest that if time 
in different intensities of activity is the primary interest, then calorimetry should be used as 
criterion measure
163
. On the other side of the spectrum are those who support a view of 
movement sensors as an instrument measuring a biomechanical aspect of PA, and therefore 
propagate against using a physiological measure as the primary comparison
44
. Also, instead 
of using the more conservative cut point-generating method, it has been argued that pattern 
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recognition is the way forward in the future and should be the first-hand choice, even though 




Based on the author’s observation of a previously used method where older adults were 
instructed to walk on treadmills whilst being measured using indirect calorimetry (oxygen 
consumption), to assess energy expenditure at different walking speeds, it was decided not to 
use this type of methodology in Paper I. A great number of the observed older adults had 
never used a treadmill before, hence it altered their walking pattern to a great extent, thus 
presumably influencing their physical effort. This was believed a danger to the inherent 
validity, and would perhaps pose an even greater problem in older adults with PD, such they 
already suffer from gait dysfunction and/or balance impairment. Therefore the method of free 
in-door walking was chosen as criterion measure. Nonetheless, the chosen methodology can 
also be questioned. The great gait variability in older adults with PD may influence the effort 
of walking in different speeds, thereby inducing variation in intensity of performed activity. 
Consequently, intensity of each walking speed is harder to establish, and determining 
intensity is the more common approach of calibration studies. 
In the light of these valid arguments against the current methodology, no assumptions of 
these cut-points being related to known PA intensities are made. Other data such as perceived 
exertion and heart rate during walking, were sampled in the study, unfortunately these were 
unreliable measures in our sample due to great variation. If reliable, they could have served as 
criterion measures for intensity. Instead, the generated cut points may serve as a proxy for 
quantifying and separating  health-enhancing behaviours (brisk walking) from behaviours 
associated with poor health (low walking speed)
164, 165
. If physiological intensity of PA is the 
main interest in this population of older adults with a progressive disease, including increased 
debilitation of mobility over time, perhaps some sort of recurrent individual calibration 
should be performed. Such a methodology could increase accuracy, yet would also require 
more resources. 
By utilizing ROC-curves, the optimal cut-points for each walking speed were defined. An 
approach that aims to maximize the specificity of the high threshold (brisk) was used, 
whereas for the low threshold (low walking speed) maximization of sensitivity was chosen. 
This was done on the basis that a false positive was considered worse than a false negative 
when it comes to a health-enhancing behavior (brisk walking), whereas the opposite would 
apply for low walking speed. This type of adjustment of sensitivity and specificity is common 
and has been applied in previous calibration studies
121, 157, 158
, yet it is important to note that 
misclassification cannot be ruled out, since neither the sensitivity nor specificity was 100%. 
Adding on, the use of the leave-one-out cross validation combined with a quadratic weighted 
Kappa is a strength of this calibration study. The resultant sample size matches other 
accelerometer calibration studies fairly well
121-124
, and the chosen type of validation also 
permits all participants to contribute to the data, contrary to other types of cross-validation 
that consume participants to test generated cut points. 
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In Paper II and III the vertical axis cut point >328 counts / 15 sec were used to define brisk 
walking (>1.0 m/s), which ordinarily was the top threshold for the lowest walking speed 
(<1.04 m/s). This was performed to further align the cut point and estimated walking speed to 
the threshold of 1.0 m/s, considering an individual’s self-selected walking speed is indicative 
of functional status
166
, with walking speed <1.0 m/s predicting cognitive decline in 5 years 
and risk of hospitalization in 1 year
167
, while walking >1.0 m/s is associated with greater 
survival in older adults
164
. In point of fact, the threshold of 1.0 m/s has also been used in 




6.3 CORRELATES OF PA IN PD 
6.3.1 Body Mass Index 
Paper II adds to the body of knowledge concerning associated factors of PA. Some factors, 
such as motor impairment and physical function, had previously been reported as significant 
contributors to the variance of PA
95
, while others constituted more novel findings. BMI and 
its relation to PA had not been investigated in older adults with PD before, although both 
weight and height may be negatively affected by increased disease severity due to weight loss 
and stooped posture
169, 170
, coupling with a decrease in PA. Further, in the overall population, 
overweight  / obesity is associated with lower levels of PA and inactivity
26
, and BMI has 
previously shown to be inversely associated to level of PA in adults, an association that 
strengthens with time
171
. In Paper II, results showed a significant relationship between BMI 
and total PA, interpreted as a decrease in total PA with increased BMI. However, the relation 
to brisk walking was insignificant. In the measure of total PA, all types of habitual activity 
are included, even sedentary, at least in a theoretical sense. As an analysis of other types of 
PA or sedentary was not included in the scope of Paper II, it is unknown whether some of 
the other sub-measures also relate to BMI. Furthermore, it is important to consider that the 
measure of weight and height in the BETA PD-study were performed with clothes and in-
door shoes on, hence the measure may be somewhat inaccurate. 
 
6.3.2 Disease duration 
Due to the debilitating consequences of PD, specifically those relating to activity limitations 
and the fact that the disease progresses over time, a relationship between disease duration and 
PA would seem intuitive. However, this was not confirmed in Paper II, since there was no 
significant correlation between disease duration and total PA, nor brisk walking. This result is 
in line with previous research findings indicating the lack of a correlation between objectively 
measured energy expenditure and time since diagnosis
106
. Potential reasons for the lack of 
relationship may be the chosen method of disease duration measurement in the current thesis, 
and the difficulty associated with procedures for diagnosing PD. In the RCT of the BETA-PD 
study, date of diagnosis by neurologist was mainly based on self-report. Naturally, many 
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factors may influence the time or date of diagnosis, such as when symptoms were first 
acknowledged, how long the patient waited to see a neurologist, etcetera. Also, accurate self-
report of diagnosis is dependent upon memory function, and since most older adults with PD 
will eventually develop cognitive impairment affecting not only executive function but also 
memory
172
, the level of accuracy could be questioned. Even though some participants 
contributed with medical journals reporting date of diagnosis, there may still be a variation of 
disease severity within disease duration, hence complicating the analysis of its association to 
PA. 
 
6.3.3 Depression and its measure 
As with other sub-studies of RCT’s, the available correlates to be analyzed were somewhat 
limited. This naturally hindered inclusion of other factors of interest. A factor evidently 
correlated to the level of PA in adults is depression. Reportedly, depression is linked to 
increased sedentary behavior and inactivity, while it is more common later in life and also 
more prevalent in those with a chronic disease
173, 174
. Depression in PD is thought of as 
having more of a biological basis, rather than an emotional reactive one, and could partly be 
the consequence of loss of dopamine and noradrenaline innervation in limbic structures of the 
brain
175, 176
. As such, depression is a common non-motor symptom of PD, reportedly found in 
about 40% of older adults with PD, in comparison to only 10% in geriatric patients without 
PD
177
. Even though the prevalence can vary between 3-90% in PD, depending on the study, 
the average prevalence is still considered substantial, and is believed to be underdiagnosed
178
. 
In the current thesis, depression was assessed using the Swedish GDS. Although there are 
many alternatives, the GDS is a scale frequently used within studies of depression in PD
150
. 
Yet, it may be insensitive to severe depression and utilizing it in people with PD may be 
complicated due to overlapping of symptoms with the disease itself. Also, its content validity 
can be questioned since there is limited concordance between GDS items and Diagnostic and 
Statistical Manual of Mental Disorders IV (DSM-IV)
179
. Perhaps these potential weaknesses 
are part of the reason for the non-significant correlation to PA (results reported in Paper II), 
and a more encompassing measure of depression is needed to establish an association. Or 
perhaps the results suggest that since accelerometry captures a dimension of movement, the 
types of measurements related to motor skills and ambulatory activity are more closely 
related to objectively assessed PA than self-assessed measurements (questionnaires or 
interviews). In point of fact, a study from 2011 showing a significant relation between PA 
and the GDS score in PD based the results on a subjective measure of PA
100
, whilst another 
performed in 2013, also in PD but utilizing an activity monitor, reported insignificant 
findings
109
. Whatever the reason for the lack of a significant finding between these two 
measures when the opposite is expected, this non-motor symptom is of great clinical 
importance, since it is not only detrimental to overall health and health-enhancing behavior 
such as PA, but also pharmacologically treatable.  
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6.3.4 Sleep and accelerometry 
Another relevant factor of interest in PD is sleep. According to the second stage of the 
pathological process of PD, as interpreted by Braak et al (2003), the pathology advance from 
the olfactory bulb to the lower brainstem, thereby inflicting symptoms of autonomic 
characteristics, as well as sleep disturbance
180
. A majority of persons with PD suffer from 
disturbed sleep, with estimations varying between 74-81%, and disturbances are often seen at 
an early onset of disease
181
. The most common form of insomnia in PD is sleep 
fragmentation, where frequent awakenings during the night are common. It is believed that 
the cause of sleep fragmentation is multifactorial, and could be because of, but not limited to, 
the inability to turn at night, bradykinesia and rigidity, and effects of medication. Therefore, 
treatment is based on targeting the probable cause of the sleep disturbance
182
. 
The availability of accelerometers that are able to quantify sleep has steadily increased the 
last decade. The measure of sleep, when using accelerometers, is based on lack of body 
movement at night
183
. If aiming to measure sleep using an accelerometer, it is recommended 
that a wrist-worn accelerometer is used and that data are collected for several days, during all 
24 hours
184
. The measure of sleep using wrist-worn accelerometers has been validated against 
polysomnography, or other established methods of sleep assessment such as sleep diaries or 
videosomnography. The collection of evidence support that accelerometry is useful in the 
estimation of sleep percentage, total sleep time and wake after sleep onset (WASO)
184
.  
This trail of thought leads to the idea that sleep disturbance, for instance WASO or sleep 
fragmentation, is possible to quantify in older adults with PD. Due to the risk of increased 
participant burden, no sleep diary or other measure of sleep was included in the RCT. Adding 
on, because of the potential interference upper extremity tremors, waist worn accelerometers 
were chosen. Considering that exercise or PA has shown to be beneficial for sleep, in both 
adults and older adults
185-187
, and that evidence also exist for the inverse relationship
188
, this 
association would be interesting to investigate in older adults with PD. In future studies of the 
same population, accelerometric measures of PA, coupled with a sleep diary and instructions 
indicating the wearing of accelerometers 24 hours per day, would enable analysis of 
associations to PA and establish the effect of an intervention and/or associations to other 
potential variables of interest. 
 
6.4 EFFECTS OF BALANCE TRAINING ON PHYSICAL ACTIVITY 
6.4.1 Effects on brisk walking 
The results from the short- and long-term evaluation regarding PA correspond with the 
previous short-term evaluation of the HiBalance program, in the sense that the progressive 
balance training led to an increase in ambulatory activity, while the control group decreased 
their amount of ambulation
90
. Interestingly, in Paper III no significant effect on sedentary 
behavior was observed. The wake hours of the day contain a certain amount of PA of 
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different types and intensities mixed with sedentary, which is more or less fixed, unless sleep 
duration is altered. If the amount of brisk walking is altered due to participation in an 
intervention, naturally some other behavior or activity type must decrease
189
. The results 
herein, reporting non-significant findings for total PA and sedentary, leads to further 
questions surrounding chosen methods. In the current methodology, some other PA variable 
was altered in amount by the intervention but it was missed or left unmeasured, or there were 
small changes in each sub-level of PA and sedentary that separately did not reach 
significance. This could be of great interest since it is not only the type of activity that is 
increased that matters to the overall effect on health, but also what it substitutes. Although 
being out of scope for this thesis, some form of analysis of substitutional effects on 
accelerometer data after intervention would be highly interesting in order to more profoundly 
understand the results. 
Adding on, since PA of a certain intensity and level is thought of as a protectant behavior 
from the undesirable effects of sedentary on health
24
, even if sedentary was not decreased by 
the intervention, the results are hopeful. Yet, it is unknown whether the amount of increase in 
brisk walking is of clinical importance, since at the moment there are no guidelines or 
recommended levels of PA that signifies a minimal clinical difference for older adults with 
PD. For adults in general, pooled results of more than half a million individuals suggest that 
amounts of PA lower than the official recommendation still leads to a decreased risk of 
mortality by 20%
13
, raising hope for RCTs reporting significant yet small effects on PA. 
The results reporting a significant association between season and difference in PA are 
clinically valuable, yet become harder to interpret, when considering that there was no 
significant difference at baseline between those measured during winter season compared to 
summer. This difference could be due to differing outcomes (absolute activity at one specific 
moment compared to a difference between two time points) and/or that the sample of each 
paper are not the same. 
 
6.4.2 Balance training and physical activity 
The potential effect of balance training on PA was anticipated due to previously reported 
benefits, though it was hypothesized – as suggested by previous research – that an increase of 
PA would be due to an increase in balance performance, by allowing the ability to be active 
in daily living
92
. Yet the results from the analysis of training effects show otherwise, i.e. no 
association. Previous investigations of training effects in analogous populations have reported 
beneficial effects on objectively measured level of PA, amount of walking and subjectively 
measured ADL. Two contained follow-up measures of different quantities, and one reported a 
dissipation of effect with time, as in Paper III
111, 190, 191
. Adding on, the two papers 
containing effect size measures reported a Cohen’s D of 0.35 for walking >10 seconds / 
minute after home cueing training, and a Hedges G of 0.40 on self-assessed ADL after an 
intervention described as physical therapy. These levels are in line with what were reported in 
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this thesis. Furthermore, considering that PA was a secondary outcome in our RCT and not 
the main aim of the intervention, the effects on brisk walking are of a respectable magnitude. 
Although interventions between studies differ, the results discussed above suggest that a form 
of repeated, structured and challenging exercise leads to increased habitual PA or an 
increased self-perceived ability to perform ADL. In the current study, the actual mechanism 
of the fallout is unclear (apart from the effect of season which is independent on the 
intervention), yet a probable contributing factor to the observed increase is a continuous and 
progressive challenge to the cardiorespiratory and musculoskeletal system that the HiBalance 
program may entail for a great majority of the participants. The experience of being a trainer 
in the program led to the assumption that many participants were not accustomed to this level 
of exercise several times a week, yet increased fitness over time may have helped in the 
management of exercise as the program progressed. In point of fact, we evaluated training 
progression using accelerometers on a smaller sample of participants (n=10) showing 
significant progression of activity during the HiBalance program (results not yet published). 
This is further confirmed by interviews performed with the participants, where findings 
suggests that participants acknowledged the importance of PA to counter the disease and 
described the program as pushing them to the edge of their capability
192
. 
Concludingly, if feasible, future studies would benefit from continuous measurement of heart 
rate or other measure of exertion during intervention and/or some type of exercise 
progression measurement, as well as cardiorespiratory testing pre- and post-intervention. 
 
6.5 METHODOLOGICAL CONSIDERATIONS 
 
6.5.1 Internal validity 
The level of dopaminergic medication in older adults with PD differs between individuals, 
and the responsiveness of medication may vary over the day, e.g. due to differences in 
disease severity, time of onset or sex
193, 194
. Hence, the reduction of motor symptoms due to 
medication is not constant. In the study described in Paper I, participants’ level of 
medication was descriptively outlined yet not controlled for in any way. Although individuals 
were verbally instructed to medicate as usual, so as to capture their normal state, there may 
have been a variation of walking ability due to testing that took place at different times of the 
day. Albeit this may have affected the generated data and therefore also the cut points, the 
potential effect of this on accelerometer sampling of all walking during a week is difficult to 
fathom. Perhaps it would have been an even greater error to adjust level of medication 
beforehand, since the resultant cut points are intended for all-day measurement over a seven 
day period.  
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The approach of utilizing in-door walking in Paper I may be debatable. When designing the 
study, considerations of using out-door walking was discussed. Still, in-door walking was 
chosen for several reasons. Firstly, a pragmatic approach was that weather would not affect 
the measurement, and considering the study was performed during the autumn/winter of 
2013, the climate could have affected results as well as being a potential hazard for some 
participants, due to increased risk of falling. Secondly, walking out-doors would probably 
include changes in altitude, which would reflect free-living walking out-doors. Yet, this 
would perhaps also have an effect on the participants’ exertion and walking speed, which in 
turn could change their ability to walk at higher speed. Instead, in-door walking was the 
method of choice, since more of the environmental factors could be controlled, such as the 
traffic of people, sudden obstacles, etcetera, thereby allowing a more constant walking speed 
and a steady flow of walking, which helped with the calculation of overall walking speed 
during each bout. 
The level of explained variance of the two regression models in Paper II proposes that there 
are other factors to be considered which were not included or measured in this study. There 
are a limited number of other studies exploring associated factors of PA in PD and where a 
linear regression has been utilized as means of main analysis. Those found in the literature 
report a variance ranging 24-69% of total PA or energy expenditure in PD
95, 106
, and about 
30% of explained variance of PA in persons with ischemic stroke
195
. Although this study 
does not encompass the full spectrum of associated factors for PA in PD, the levels of 
variance reported are in line with previous studies, as well as adding to the body of 
knowledge. 
Although accelerometry is considered by many a preferred tool of PA measurement, is easy 
to use and has high sensitivity for detecting changes in PA (irrespective of cut point 
choice)
196
, some aspects of the methodology are not as well established as other popular 
methods such as direct observation or the use of surveys
197
. As such, a potential obstacle for 
valid measurement is the definition of wear time, where, in the current thesis, it is defined 
using the recommended suggestions from Choi et al (2011)
129
. In general, the cleaning 
process of accelerometer data may lead to the exclusion of participants by classifying them as 
non-wearers, despite wearing the accelerometer. This may lead to bias and less data for 
analysis. One way to combat this is using visual evaluation of wear diaries and data, as in the 
current thesis, which has proven to be a highly valid method of choice
198
. These safety 
measures regarding data may help in securing some internal validity, yet other biases related 
to PA measurement is harder to control for, such as social desirability, signifying that 
participants knew of being monitored, hence increasing activity during the measurement 
period in order to seem more active. 
Using a waist-worn accelerometer leads to problems measuring certain types of activities, 
such as carrying a load, bicycling or swimming. This entails a less exact measure of activity 
during the day, if these activities are commonly performed by the wearer. Yet, the choice of 
walking as the outcome or criterion measure was due to it being the most common PA 
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performed in older adults
199
, and therefore should be the primary behavior of focus. 
Optimally, all behaviors should be measured as exact as possible using one instrument and 
wearing position, yet until this is possible for the overall end-user, the researcher must make a 
choice of what is most interesting to capture. Also, considering that intensity of each walking 
speed is unknown due to the method of choice, and may vary by cause of the heterogeneity of 
the symptoms in the population under study
200
, calculating the number of participants 
reaching recommended levels of MVPA is problematic. 
A threat to internal validity related to the RCT of the BETA-PD and therefore also to Paper 
III was that the test assessors were not blinded to group allocation of participants during 
follow-up measurements, considering that some testers also served as trainers in the 
intervention. Although testers never assessed a person involved in their training group, it may 
still have biased the results of some measures performed during laboratory testing, such as 
balance performance. This shortcoming was avoided with regards to PA measurements, due 
to the use of an objective instrument. Yet, due to the study methodology, participants 
themselves were not blinded with regards to group allocation, which is a common problem in 
exercise interventions. 
 
6.5.2 External validity 
A representative sample is necessary to draw conclusions for the population at large. As 
previously reported, older adults with mild-to-moderate disease severity were included in the 
current studies. The inclusion was also based upon a clinical evaluation of balance 
performance. Further, since participants were recruited using advertising, it is probable that 
those joining the study are primarily persons interested in interventions or research, or those 
not suffering from depressive symptoms influencing their motivation. Adding on, all 
individuals with signs of cognitive deficits were excluded, as well as those using some form 
of walking aid, which further limits generalisation of the sample. Therefore the sample may 
be considered more of a sub-group of older adults with PD, rather than representing the 
overall population. In point of fact, according to previous evidence, participants in clinical 
trials are often healthier and are of higher educational background in comparison to the 
general population
201
. Considering all these arguments, demographic data of the samples 




Although drop outs may be problematic due to its potential effect on the power of the study, 
according to previously performed drop-out analysis of the RCT of the BETA-PD short-term, 
data were missing at random (results not presented here). The amount of missing 
accelerometer data over the course of the RCT was more or less stable over the time-points, 
varying between 5-8 and 4-9 missing measurements per time point in the intervention and 
control group, respectively. Still, some types of analyse, such as the ANOVA, exclude 
participants if data are missing for one measurement point. One way to handle this is to 
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impute data using e.g. multiple imputation, or a statistical model that is able to handle missing 
data, such as a multilevel model (as in Paper III). This type of analysis allows all participants 
measured to remain included without the need for imputation, thereby contributing to the 
variance as much as possible. Yet, the existence of drop outs is still a problem to the external 
validity of any study, since it may dilute the initial randomization and thereby influence the 
ability to generalise the results to the population at large. 
In Sweden, there is a distinct seasonal difference in climate. Winters are cold, resulting in 
larger number of falls in older adults due to slipping on ice or snow 
204
. The evidence of an 
association of seasonal nature on the training effect on PA may be linked to the older adults’ 
fear of ambulating outdoors during winter, supported by the fact that active elderly in Sweden 
attain injuries outdoors more often during winter
205
. This potential effect of the environment 
on PA may not apply to older adults with PD in other countries or continents with a different 
climate.  
Another probable contextual threat to external validity is that the intervention of the RCT was 
performed in a clinical context (a university hospital), which entailed access to clinically 
experienced trainers and equipment needed to perform such an intervention in an optimal 
manner. Yet the amount of resources available was most likely larger compared to regular 
clinical practice. Due to the RCT being an efficacy trial, it tests whether the intervention can 
have an effect in an ideal surrounding, implicating the problem with generalisation of the 
results to other conditions or environments. To measure the degree of beneficial effect in 





6.6 IMPLICATIONS FOR CLINICAL PRACTICE 
 
 The generated cut points allow measurement of habitual walking in different walking 
speeds of patients with PD, in order to assess PA as well as mapping out the 
individuals’ activity patterns. Advisably, the vertical axis cut points should be used, 
due to higher accuracy in comparison to that of the VM. The cut points are easily 
accessible for all users of Actigraph accelerometers in the appurtenant software 
ActiLife.  
 
 The results suggest that physical function is closely related to PA, due to its 
significant association to both total PA and brisk walking. Although the causational 
direction of the association is unknown, the relation between these two modifiable 
factors is promising for clinical practice. 
 
 The reported association of dyskinesia with higher levels of total PA proposes that 
clinicians should be aware of the potential repercussion of this symptom on measured 
PA, and if possible, control for its effect. 
 
 When planning balance training, season at the time of intervention should be 
considered, since completion of training during spring or summer may have a 
beneficial effect on amount of ambulation in free-living. 
 
 The effect of the HiBalance program on the amount of brisk walking dissipates after 
six months. Hence, recurrent exercising is recommended if one is to avoid 






6.7 FUTURE RESEARCH 
 
 The  use of accelerometers in PA measurement is increasing in popularity197, and the 
methodology is steadily evolving and being improved. Concurrently, more 
sophisticated and reliable ways of data analysis are being developed, yet these new 
methods seldom reach the end-user. Future studies in this area would benefit from 
closing the gap between methods such as pattern recognition and the clinician needing 
easy access to exact data on patients’ PA. Furthermore, subjective measures of motor 
impairment has flaws and could be improved if coupled with a wearable sensor, 
which add advantages such as continous and objective surveillance of symptoms
207
, 
whilst simultaneously gathering PA data. 
 
 It would be of value if future studies further investigate associated factors to 
objectively measured PA in older adults with PD, proposedly with a focus on socio-
cultural, environmental and behavioral factors that may influence activity. The 
sample’s representativeness should be a top priority. Such an investigation would help 
further in understanding the behavior of PA in this population and lead to findings of 
potential mediators and modifiable factors. 
 
 The short and long term effects on PA are of clinical interest, and although effect 
sizes are moderate, it is unknown whether the increase reaches a minimal clinical 
change, since, to date, no such standard has been postulated. Defining such a cut-off 
would be highly useful for future evaluation of interventions. 
 
 Although an increase in habitual PA is promising, proposedly the next step is to 
investigate and develop interventions and strategies aimed at maintaining this change. 
Recurrent training, or exercise referral as well as exploring which behavioral factors 








This thesis suggests sensitive and specific cut points (available in the appurtenant Actigraph 
software) for objective measurement of habitual PA in older adults with PD to be used in 
either epidemiological studies or as a main outcome measure in clinical trials. Further, results 
of the thesis add to the body of knowledge surrounding correlates of PA in the same 
population, confirming the association with disease severity, as well as suggesting that 
dyskinesia should be controlled for when measuring total PA with accelerometers, in order to 
draw valid conclusions. 
The HiBalance program is a progressive and highly-challenging exercise intervention aimed 
at increasing balance control in older adults with PD. The program shows beneficial effects 
on amount of brisk walking that is maintained over a 6 month period that unfortunately 
dissipates thereafter. This suggests that balance training should be performed regularly to 
maintain the potential effect on health preserving PA. Adding on, the increase in ambulatory 
activity after the intervention is not associated with an improvement in balance performance. 
Instead it seems that the season of training – during spring – has a positive effect on 







Thanks to all the pleasant people showing up and working hard in both the lab and the 
hospital during training. Your company was greatly appreciated and what made the project 
fun. I sincerely hope you can benefit from my work, one way or the other.  
COLLEAGUES 
Andreas Monnier – I´ve really come to enjoy being your desk neighbor. You’ve been 
valuable when discussing statistics or results, and have become a close friend. I wish you all 
the luck in the military and hope our paths will cross again. 
Tomas Nessen – your unique perspective on things, whether it be research, cars or boats, 
were missed after you left us. You have a great amount of knowledge in areas we are not 
always familiar with. I’m glad you got a great job, good luck with that. 
Wim Grooten – you have an excellent attitude and you’re a great colleague, always helping 
out when necessary. Thanks for all the laughs! 
Björn Äng – always great ideas, new ways to think and tips and tricks regarding analyses or 
bikes. It seems like you made the right choice leaving for the north. I hope we’ll work 
together in the future. 
David Conradsson – you’re a pleasant person to be around, and a swell colleague. Thanks 
for never giving up on the endless submission of Progressionen. 
Niklas Löfgren – properly mannered and with a good sense of humour, you’re a fun guy to 
hang out with. Thanks for talks regarding travel, daughters and pretentious traditions. 
Joseph Conran – Thanks for all the laughs, discussions of research and the excellent editing. 
Neighbors in the doctoral student’s room – Ing-Mari, Emelie B-F, Emelie K, Elena, 
Alexandra, Ingrid as well as other temporary guests. It’s been awesome having so many great 
people around me. I will miss you all! 
Joanna – thanks for helping with all the questionnaires and other print outs during data 
collection, reminding me of fika and cleaning up after us slobs. This division would not 
function without you. 
A-corridor coworkers, past and present – I appreciate all the innumerable talks about 
everything but research! All of you possess an incredible ability to throw unmeasurable 
amounts of coffee down your throat. You’re great colleagues. 
Balbir, Katrin and Ida – what would life as a doctoral student be without you girls? Totally 
chaotic, without income and with no chance of going anywhere abroad or getting any 
administration done. You have been excellent and very professional. 
 52 
 
Colleagues in the B corridor – thanks for all the fika and help in teaching or discussing 
research. 
Marie Kanstrup – my best NFV pal! I appreciate all the coffee, all the horrible (fun, really) 
statistics we did in Solna, your clever input regarding babies and how to handle stuff at work. 
Good luck with your own book! 
SUPERVISORS 
Maria Hagströmer – you gave me a chance to start this career, which I will always be 
thankful for. You have helped me learn patience and always been interested in how I feel and 
what’s happening in my life, not only what I produce at work. You´re great. 
Erika Franzén – thanks for helping me end this, and for guidance in applications, 
submissions and other things related to work. Awesome work on all the applications that led 
to my job and the whole project. 
Agneta Ståhle – you’ve always had a positive attitude and a great skill in getting grants so 
we could continue our work. Your advice has been very helpful over the years. 
Martin Benka Wallén – You came in a bit later than the others, “last but not least”. You are 
great when it comes to discussing findings and methods, as well as possessing great statistical 
dexterity. I appreciate all the help in SPSS, and the help with writing papers. 
THE DIVISION 
Thanks to the Department of Neurobiology, Care Sciences and Society, and the Division of 
Physiotherapy for embracing me as a doctoral candidate and allowing me to reach my goals. 
FAMILY 
Mother Birgitta – how can I thank someone properly who raised me so well despite the 
hardships in your life? You´re a super woman, and have been as long as I’ve known you. 
Stubborn as hell, smart and empathetic.  
Father Lars – I think I got my positivity from you, as well as the personal trait of never 
giving up on finding a solution to problems. You´ve always supported me and never hesitated 
that I would succeed. Thank you. 
Sister Carin – I´ve never met someone so eager to help as you. Funny, smart, cool, always 
being there when needed. You´re an awesome sister and a great human being. 
Brother Björn – the inspiring brother and a straight shooter. You´ve always been by my 
side, supporting and helping me since I was a kid. Fun and witty, I always enjoy your 
company. 
Wife Genevieve – I could not have managed without you. “I wish I could turn back time, I’d 
find you sooner and love you longer” comes to mind. You are my safe haven. 
 53 
 
Daughter Miranda – I want to be like you, always waking up with a smile on your face. 
Seeing you happy makes my whole day great. 
Nicklas Lysander – the brother from another mother. You´ve always been there in time of 
need. Thanks for all the distractions from work, especially gaming. 
Father-in-law Staffan – you´ve been great helping out and being supportive during this four 
year journey. I greatly appreciate having you as part of my family. 
Mother-in-law Robin – you always seem so proud of me, bragging about me to your fellow 
Americans. You have a big heart and always want to help despite the geographical distance. 
Thanks for babysitting! 
MISCELLANEOUS 
Andy Field – A huge thanks for writing funny and informative statistical books! They’ve 
been a great help. 
Kimmo Sorjonen – awesome teacher and funny guy. All the statistical help through email is 
greatly appreciated. 
 
Metropolen food court – the only valid reason for leaving the desk late evenings when 
working on the thesis. Promoting health by being situated 10 minutes away, promoting 





1. Mactier K, Lord S, Godfrey A, Burn D, Rochester L. The relationship between real world 
ambulatory activity and falls in incident Parkinson's disease: influence of classification 
scheme. Parkinsonism & related disorders. 2015;21:236-42. Epub 2015/01/13. eng. 
2. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical 
fitness: definitions and distinctions for health-related research. Public Health Rep. 
1985;100:126-31. 
3. World Health Organisation. Global recommendations on physical activity for health. 
WHO. 2016. Available from: 
http://www.who.int/dietphysicalactivity/factsheet_recommendations/en/. 
4. Strath SJ, Kaminsky LA, Ainsworth BE, Ekelund U, Freedson PS, Gary RA, et al. Guide 
to the assessment of physical activity: Clinical and research applications: a scientific 
statement from the American Heart Association. Circulation. 2013;128:2259-79. 
5. Morris JN, Kagan A, Pattison DC, Gardner MJ. Incidence and prediction of ischaemic 
heart-disease in London busmen. Lancet. 1966;2:553-9. 
6. Heady JA, Morris JN, Kagan A, Raffle PA. Coronary heart disease in London busmen. A 
progress report with particular reference to physique. British journal of preventive & social 
medicine. 1961;15:143-53. 
7. Physical Activity Guidelines Advisory Committee report, 2008. To the Secretary of Health 
and Human Services. Part A: executive summary. Nutrition reviews. 2009;67:114-20. 
8. Bouchard C, Blair SN, Haskell WL. Physical activity and health: Human Kinetics, Inc; 
2007. 
9. Kahn EB, Ramsey LT, Brownson RC, Heath GW, Howze EH, Powell KE, et al. The 
effectiveness of interventions to increase physical activity. A systematic review. Am J Prev 
Med. 2002;22:73-107. 
10. Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard C, et al. Physical activity 
and public health. A recommendation from the Centers for Disease Control and Prevention 
and the American College of Sports Medicine. JAMA. 1995;273:402-7. 
11. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, et al. Physical activity 
and public health: updated recommendation for adults from the American College of Sports 
Medicine and the American Heart Association. Med Sci Sports Exerc. 2007;39:1423-34. 
12. Wen CP, Wai JP, Tsai MK, Yang YC, Cheng TY, Lee MC, et al. Minimum amount of 
physical activity for reduced mortality and extended life expectancy: a prospective cohort 
study. Lancet. 2011;378:1244-53. 
13. Arem H, Moore SC, Patel A, Hartge P, Berrington de Gonzalez A, Visvanathan K, et al. 
Leisure time physical activity and mortality: a detailed pooled analysis of the dose-response 
relationship. JAMA internal medicine. 2015;175:959-67. 
14. Sedentary Behaviour Research N. Letter to the editor: standardized use of the terms 
"sedentary" and "sedentary behaviours". Applied physiology, nutrition, and metabolism = 
Physiologie appliquee, nutrition et metabolisme. 2012;37:540-2. 
 55 
 
15. Wilmot EG, Edwardson CL, Achana FA, Davies MJ, Gorely T, Gray LJ, et al. Sedentary 
time in adults and the association with diabetes, cardiovascular disease and death: systematic 
review and meta-analysis. Diabetologia. 2012;55:2895-905. 
16. Dunstan DW, Salmon J, Owen N, Armstrong T, Zimmet PZ, Welborn TA, et al. Physical 
activity and television viewing in relation to risk of undiagnosed abnormal glucose 
metabolism in adults. Diabetes care. 2004;27:2603-9. 
17. Katzmarzyk PT, Church TS, Craig CL, Bouchard C. Sitting time and mortality from all 
causes, cardiovascular disease, and cancer. Med Sci Sports Exerc. 2009;41:998-1005. 
18. Patel AV, Bernstein L, Deka A, Feigelson HS, Campbell PT, Gapstur SM, et al. Leisure 
time spent sitting in relation to total mortality in a prospective cohort of US adults. American 
journal of epidemiology. 2010;172:419-29. 
19. Hamilton MT, Hamilton DG, Zderic TW. Role of low energy expenditure and sitting in 
obesity, metabolic syndrome, type 2 diabetes, and cardiovascular disease. Diabetes. 
2007;56:2655-67. 
20. Norton K, Norton L, Sadgrove D. Position statement on physical activity and exercise 
intensity terminology. J Sci Med Sport. 2010;13:496-502. 
21. Pate RR, O'Neill JR, Lobelo F. The evolving definition of "sedentary". Exercise and sport 
sciences reviews. 2008;36:173-8. 
22. Owen N, Healy GN, Matthews CE, Dunstan DW. Too much sitting: the population health 
science of sedentary behavior. Exercise and sport sciences reviews. 2010;38:105-13. 
23. Maher C, Olds T, Mire E, Katzmarzyk PT. Reconsidering the sedentary behaviour 
paradigm. PLoS One. 2014;9:e86403. 
24. Ekelund U, Steene-Johannessen J, Brown WJ, Fagerland MW, Owen N, Powell KE, et al. 
Does physical activity attenuate, or even eliminate, the detrimental association of sitting time 
with mortality? A harmonised meta-analysis of data from more than 1 million men and 
women. Lancet. 2016. 
25. Bauman AE, Sallis JF, Dzewaltowski DA, Owen N. Toward a better understanding of the 
influences on physical activity: the role of determinants, correlates, causal variables, 
mediators, moderators, and confounders. Am J Prev Med. 2002;23:5-14. 
26. Bauman AE, Reis RS, Sallis JF, Wells JC, Loos RJ, Martin BW, et al. Correlates of 
physical activity: why are some people physically active and others not? Lancet. 
2012;380:258-71. 
27. Pratt M, Macera CA, Sallis JF, O'Donnell M, Frank LD. Economic interventions to 
promote physical activity: application of the SLOTH model. Am J Prev Med. 2004;27:136-
45. 
28. Rhodes RE, Martin AD, Taunton JE, Rhodes EC, Donnelly M, Elliot J. Factors associated 
with exercise adherence among older adults. An individual perspective. Sports Med. 
1999;28:397-411. 
29. Trost SG, Owen N, Bauman AE, Sallis JF, Brown W. Correlates of adults' participation in 
physical activity: review and update. Med Sci Sports Exerc. 2002;34:1996-2001. 
30. Allender S, Hutchinson L, Foster C. Life-change events and participation in physical 
activity: a systematic review. Health promotion international. 2008;23:160-72. 
 56 
 
31. Kaewthummanukul T, Brown KC. Determinants of employee participation in physical 
activity: critical review of the literature. AAOHN journal : official journal of the American 
Association of Occupational Health Nurses. 2006;54:249-61. 
32. Hansen BH, Ommundsen Y, Holme I, Kolle E, Anderssen SA. Correlates of objectively 
measured physical activity in adults and older people: a cross-sectional study of population-
based sample of adults and older people living in Norway. International journal of public 
health. 2014;59:221-30. 
33. Baert V, Gorus E, Mets T, Geerts C, Bautmans I. Motivators and barriers for physical 
activity in the oldest old: a systematic review. Ageing research reviews. 2011;10:464-74. 
34. Smith L, Gardner B, Fisher A, Hamer M. Patterns and correlates of physical activity 
behaviour over 10 years in older adults: prospective analyses from the English Longitudinal 
Study of Ageing. BMJ Open. 2015;5:e007423. 
35. Costello E, Kafchinski M, Vrazel J, Sullivan P. Motivators, barriers, and beliefs regarding 
physical activity in an older adult population. Journal of geriatric physical therapy. 
2011;34:138-47. 
36. Butte NF, Ekelund U, Westerterp KR. Assessing Physical Activity Using Wearable 
Monitors. Medicine & Science in Sports & Exercise. 2012;44:S5-S12. 
37. Helmerhorst HJ, Brage S, Warren J, Besson H, Ekelund U. A systematic review of 
reliability and objective criterion-related validity of physical activity questionnaires. The 
international journal of behavioral nutrition and physical activity. 2012;9:103. 
38. Warren JM, Ekelund U, Besson H, Mezzani A, Geladas N, Vanhees L. Assessment of 
physical activity - a review of methodologies with reference to epidemiological research: a 
report of the exercise physiology section of the European Association of Cardiovascular 
Prevention and Rehabilitation. European journal of cardiovascular prevention and 
rehabilitation : official journal of the European Society of Cardiology, Working Groups on 
Epidemiology & Prevention and Cardiac Rehabilitation and Exercise Physiology. 
2010;17:127-39. Epub 2010/03/11. eng. 
39. Sallis JF, Saelens BE. Assessment of physical activity by self-report: status, limitations, 
and future directions. Res Q Exerc Sport. 2000;71:S1-14. 
40. Warnecke RB, Johnson TP, Chavez N, Sudman S, O'Rourke DP, Lacey L, et al. 
Improving question wording in surveys of culturally diverse populations. Annals of 
epidemiology. 1997;7:334-42. 
41. Pruitt LA, Glynn NW, King AC, Guralnik JM, Aiken EK, Miller G, et al. Use of 
accelerometry to measure physical activity in older adults at risk for mobility disability. 
Journal of aging and physical activity. 2008;16:416-34. 
42. Prince SA, Adamo KB, Hamel ME, Hardt J, Connor Gorber S, Tremblay M. A 
comparison of direct versus self-report measures for assessing physical activity in adults: a 
systematic review. The international journal of behavioral nutrition and physical activity. 
2008;5:56. 
43. Westerterp KR. Assessment of physical activity: a critical appraisal. European journal of 
applied physiology. 2009;105:823-8. 
44. Corder K, Brage S, Ekelund U. Accelerometers and pedometers: methodology and 




45. Ainsworth B, Cahalin L, Buman M, Ross R. The current state of physical activity 
assessment tools. Progress in cardiovascular diseases. 2015;57:387-95. 
46. Reis RS, Salvo D, Ogilvie D, Lambert EV, Goenka S, Brownson RC, et al. Scaling up 
physical activity interventions worldwide: stepping up to larger and smarter approaches to get 
people moving. Lancet. 2016. 
47. Dishman RK, Buckworth J. Increasing physical activity: a quantitative synthesis. Med Sci 
Sports Exerc. 1996;28:706-19. 
48. Petrella RJ, Lattanzio CN, Shapiro S, Overend T. Improving aerobic fitness in older 
adults: effects of a physician-based exercise counseling and prescription program. Canadian 
family physician Medecin de famille canadien. 2010;56:e191-200. 
49. Chen KM, Chen MH, Hong SM, Chao HC, Lin HS, Li CH. Physical fitness of older 
adults in senior activity centres after 24-week silver yoga exercises. Journal of clinical 
nursing. 2008;17:2634-46. 
50. Pang MY, Eng JJ, Dawson AS, McKay HA, Harris JE. A community-based fitness and 
mobility exercise program for older adults with chronic stroke: a randomized, controlled trial. 
Journal of the American Geriatrics Society. 2005;53:1667-74. 
51. Bravata DM, Smith-Spangler C, Sundaram V, Gienger AL, Lin N, Lewis R, et al. Using 
pedometers to increase physical activity and improve health: a systematic review. JAMA. 
2007;298:2296-304. 
52. Hagstromer M, Oja P, Sjostrom M. Physical activity and inactivity in an adult population 
assessed by accelerometry. Med Sci Sports Exerc. 2007;39:1502-8. 
53. Sun F, Norman IJ, While AE. Physical activity in older people: a systematic review. 
BMC public health. 2013;13:449. 
54. Pin-Barre C, Laurin J. Physical Exercise as a Diagnostic, Rehabilitation, and Preventive 
Tool: Influence on Neuroplasticity and Motor Recovery after Stroke. Neural plasticity. 
2015;2015:608581. 
55. Goldstein LB. Physical activity and the risk of stroke. Expert Review of 
Neurotherapeutics. 2010;10:1263-5. 
56. Howard VJ, McDonnell MN. Physical activity in primary stroke prevention: just do it! 
Stroke; a journal of cerebral circulation. 2015;46:1735-9. 
57. Arya KN, Pandian S, Verma R, Garg RK. Movement therapy induced neural 
reorganization and motor recovery in stroke: a review. Journal of bodywork and movement 
therapies. 2011;15:528-37. 
58. Nudo RJ. Neural bases of recovery after brain injury. Journal of communication 
disorders. 2011;44:515-20. 
59. Compston A, Coles A. Multiple sclerosis. Lancet. 2008;372:1502-17. 
60. Latimer-Cheung AE, Martin Ginis KA, Hicks AL, Motl RW, Pilutti LA, Duggan M, et al. 
Development of evidence-informed physical activity guidelines for adults with multiple 
sclerosis. Arch Phys Med Rehabil. 2013;94:1829-36 e7. 
61. Garrett M, Hogan N, Larkin A, Saunders J, Jakeman P, Coote S. Exercise in the 
community for people with multiple sclerosis--a follow-up of people with minimal gait 
impairment. Multiple sclerosis. 2013;19:790-8. 
 58 
 
62. Klaren RE, Motl RW, Dlugonski D, Sandroff BM, Pilutti LA. Objectively quantified 
physical activity in persons with multiple sclerosis. Arch Phys Med Rehabil. 2013;94:2342-8. 
63. Bjorklund A, Dunnett SB. Dopamine neuron systems in the brain: an update. Trends in 
neurosciences. 2007;30:194-202. 
64. Kalia LV, Lang AE. Parkinson's disease. Lancet. 2015;386:896-912. 
65. Jankovic J. Parkinson's disease: clinical features and diagnosis. J Neurol Neurosurg 
Psychiatry. 2008;79:368-76. 
66. Rao G, Fisch L, Srinivasan S, D'Amico F, Okada T, Eaton C, et al. Does this patient have 
Parkinson disease? JAMA. 2003;289:347-53. 
67. Pringsheim T, Jette N, Frolkis A, Steeves TD. The prevalence of Parkinson's disease: a 
systematic review and meta-analysis. Movement disorders : official journal of the Movement 
Disorder Society. 2014;29:1583-90. 
68. Van Den Eeden SK, Tanner CM, Bernstein AL, Fross RD, Leimpeter A, Bloch DA, et al. 
Incidence of Parkinson's disease: variation by age, gender, and race/ethnicity. American 
journal of epidemiology. 2003;157:1015-22. 
69. Hirsch L, Jette N, Frolkis A, Steeves T, Pringsheim T. The Incidence of Parkinson's 
Disease: A Systematic Review and Meta-Analysis. Neuroepidemiology. 2016;46:292-300. 
70. Dorsey ER, Constantinescu R, Thompson JP, Biglan KM, Holloway RG, Kieburtz K, et 
al. Projected number of people with Parkinson disease in the most populous nations, 2005 
through 2030. Neurology. 2007;68:384-6. 
71. Postuma RB, Aarsland D, Barone P, Burn DJ, Hawkes CH, Oertel W, et al. Identifying 
prodromal Parkinson's disease: pre-motor disorders in Parkinson's disease. Movement 
disorders : official journal of the Movement Disorder Society. 2012;27:617-26. 
72. Goetz CG, Poewe W, Rascol O, Sampaio C, Stebbins GT, Counsell C, et al. Movement 
Disorder Society Task Force report on the Hoehn and Yahr staging scale: status and 
recommendations. Movement disorders : official journal of the Movement Disorder Society. 
2004;19:1020-8. 
73. Hely MA, Morris JG, Reid WG, Trafficante R. Sydney Multicenter Study of Parkinson's 
disease: non-L-dopa-responsive problems dominate at 15 years. Movement disorders : 
official journal of the Movement Disorder Society. 2005;20:190-9. 
74. van Uem JM, Marinus J, Canning C, van Lummel R, Dodel R, Liepelt-Scarfone I, et al. 
Health-Related Quality of Life in patients with Parkinson's disease--A systematic review 
based on the ICF model. Neuroscience and biobehavioral reviews. 2016;61:26-34. 
75. Muslimovic D, Post B, Speelman JD, Schmand B, de Haan RJ, Group CS. Determinants 
of disability and quality of life in mild to moderate Parkinson disease. Neurology. 
2008;70:2241-7. 
76. Kim SD, Allen NE, Canning CG, Fung VS. Postural instability in patients with 
Parkinson's disease. Epidemiology, pathophysiology and management. CNS drugs. 
2013;27:97-112. 
77. Horak FB. Postural orientation and equilibrium: what do we need to know about neural 
control of balance to prevent falls? Age and ageing. 2006;35 Suppl 2:ii7-ii11. 
78. Adkin AL, Frank JS, Jog MS. Fear of falling and postural control in Parkinson's disease. 
Movement disorders : official journal of the Movement Disorder Society. 2003;18:496-502. 
 59 
 
79. Klamroth S, Steib S, Devan S, Pfeifer K. Effects of Exercise Therapy on Postural 
Instability in Parkinson Disease: A Meta-analysis. Journal of neurologic physical therapy : 
JNPT. 2016;40:3-14. 
80. Poewe W. Clinical measures of progression in Parkinson's disease. Movement disorders : 
official journal of the Movement Disorder Society. 2009;24 Suppl 2:S671-6. 
81. Tomlinson CL, Patel S, Meek C, Herd CP, Clarke CE, Stowe R, et al. Physiotherapy 
versus placebo or no intervention in Parkinson's disease. Cochrane Database Syst Rev. 
2013:CD002817. 
82. Allen NE, Sherrington C, Paul SS, Canning CG. Balance and falls in Parkinson's disease: 
a meta-analysis of the effect of exercise and motor training. Mov Disord. 2011;26:1605-15. 
83. Dibble LE, Addison O, Papa E. The effects of exercise on balance in persons with 
Parkinson's disease: a systematic review across the disability spectrum. Journal of neurologic 
physical therapy : JNPT. 2009;33:14-26. 
84. Cadore EL, Casas-Herrero A, Zambom-Ferraresi F, Idoate F, Millor N, Gomez M, et al. 
Multicomponent exercises including muscle power training enhance muscle mass, power 
output, and functional outcomes in institutionalized frail nonagenarians. Age. 2014;36:773-
85. 
85. Cadore EL, Rodriguez-Manas L, Sinclair A, Izquierdo M. Effects of different exercise 
interventions on risk of falls, gait ability, and balance in physically frail older adults: a 
systematic review. Rejuvenation research. 2013;16:105-14. 
86. de Labra C, Guimaraes-Pinheiro C, Maseda A, Lorenzo T, Millan-Calenti JC. Effects of 
physical exercise interventions in frail older adults: a systematic review of randomized 
controlled trials. BMC geriatrics. 2015;15:154. 
87. Gauchard GC, Jeandel C, Tessier A, Perrin PP. Beneficial effect of proprioceptive 
physical activities on balance control in elderly human subjects. Neuroscience letters. 
1999;273:81-4. 
88. Hong Y, Li JX, Robinson PD. Balance control, flexibility, and cardiorespiratory fitness 
among older Tai Chi practitioners. British journal of sports medicine. 2000;34:29-34. 
89. Dohrn IM, Hagstromer M, Hellenius ML, Stahle A. Short- and Long-Term Effects of 
Balance Training on Physical Activity in Older Adults With Osteoporosis: A Randomized 
Controlled Trial. Journal of geriatric physical therapy. 2015. 
90. Conradsson D, Lofgren N, Nero H, Hagstromer M, Stahle A, Lokk J, et al. The Effects of 
Highly Challenging Balance Training in Elderly With Parkinson's Disease: A Randomized 
Controlled Trial. Neurorehabil Neural Repair. 2015. 
91. de Dreu MJ, van der Wilk AS, Poppe E, Kwakkel G, van Wegen EE. Rehabilitation, 
exercise therapy and music in patients with Parkinson's disease: a meta-analysis of the effects 
of music-based movement therapy on walking ability, balance and quality of life. 
Parkinsonism & related disorders. 2012;18 Suppl 1:S114-9. 
92. Hayashi D, Goncalves CG, Parreira RB, Fernandes KB, Teixeira DC, Silva RA, et al. 
Postural balance and physical activity in daily life (PADL) in physically independent older 




93. Bryant MS, Rintala DH, Hou JG, Protas EJ. Relationship of falls and fear of falling to 
activity limitations and physical inactivity in Parkinson's disease. Journal of aging and 
physical activity. 2015;23:187-93. 
94. Speelman AD, van de Warrenburg BP, van Nimwegen M, Petzinger GM, Munneke M, 
Bloem BR. How might physical activity benefit patients with Parkinson disease? Nature 
reviews Neurology. 2011;7:528-34. 
95. van Nimwegen M, Speelman AD, Hofman-van Rossum EJ, Overeem S, Deeg DJ, Borm 
GF, et al. Physical inactivity in Parkinson's disease. Journal of neurology. 2011;258:2214-21. 
96. Skidmore FM, Mackman CA, Pav B, Shulman LM, Garvan C, Macko RF, et al. Daily 
ambulatory activity levels in idiopathic Parkinson disease. Journal of rehabilitation research 
and development. 2008;45:1343-8. 
97. Earhart GM, Falvo MJ. Parkinson disease and exercise. Comprehensive Physiology. 
2013;3:833-48. 
98. Goodwin VA, Richards SH, Taylor RS, Taylor AH, Campbell JL. The effectiveness of 
exercise interventions for people with Parkinson's disease: a systematic review and meta-
analysis. Movement disorders : official journal of the Movement Disorder Society. 
2008;23:631-40. 
99. van der Kolk NM, King LA. Effects of exercise on mobility in people with Parkinson's 
disease. Movement disorders : official journal of the Movement Disorder Society. 
2013;28:1587-96. 
100. Ellis T, Cavanaugh JT, Earhart GM, Ford MP, Foreman KB, Fredman L, et al. Factors 
associated with exercise behavior in people with Parkinson disease. Physical therapy. 
2011;91:1838-48. 
101. Petzinger GM, Fisher BE, McEwen S, Beeler JA, Walsh JP, Jakowec MW. Exercise-
enhanced neuroplasticity targeting motor and cognitive circuitry in Parkinson's disease. 
Lancet neurology. 2013;12:716-26. 
102. Fisher BE, Petzinger GM, Nixon K, Hogg E, Bremmer S, Meshul CK, et al. Exercise-
induced behavioral recovery and neuroplasticity in the 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine-lesioned mouse basal ganglia. Journal of neuroscience research. 
2004;77:378-90. 
103. Nudo RJ, Milliken GW, Jenkins WM, Merzenich MM. Use-dependent alterations of 
movement representations in primary motor cortex of adult squirrel monkeys. The Journal of 
neuroscience : the official journal of the Society for Neuroscience. 1996;16:785-807. 
104. Ahlskog JE. Does vigorous exercise have a neuroprotective effect in Parkinson disease? 
Neurology. 2011;77:288-94. 
105. Benka Wallen M, Franzen E, Nero H, Hagstromer M. Levels and Patterns of Physical 
Activity and Sedentary Behavior in Elderly Individuals With Mild to Moderate Parkinson 
Disease. Physical therapy. 2015. 
106. Dontje ML, de Greef MH, Speelman AD, van Nimwegen M, Krijnen WP, Stolk RP, et 
al. Quantifying daily physical activity and determinants in sedentary patients with Parkinson's 
disease. Parkinsonism & related disorders. 2013;19:878-82. 
107. Ford MP, Malone LA, Walker HC, Nyikos I, Yelisetty R, Bickel CS. Step Activity in 
Persons With Parkinson's Disease. Journal of Physical Activity & Health. 2010;7:724-9. 
 61 
 
108. Hale LA, Pal J, Becker I. Measuring free-living physical activity in adults with and 
without neurologic dysfunction with a triaxial accelerometer. Arch Phys Med Rehabil. 
2008;89:1765-71. Epub 2008/09/02. eng. 
109. Lord S, Godfrey A, Galna B, Mhiripiri D, Burn D, Rochester L. Ambulatory activity in 
incident Parkinson's: more than meets the eye? Journal of neurology. 2013;260:2964-72. 
110. Rochester L, Chastin SF, Lord S, Baker K, Burn DJ. Understanding the impact of deep 
brain stimulation on ambulatory activity in advanced Parkinson's disease. Journal of 
neurology. 2012;259:1081-6. Epub 2011/11/17. eng. 
111. van Nimwegen M, Speelman AD, Overeem S, van de Warrenburg BP, Smulders K, 
Dontje ML, et al. Promotion of physical activity and fitness in sedentary patients with 
Parkinson's disease: randomised controlled trial. BMJ. 2013;346:f576. 
112. SBU. SBU:s mall för kvalitetsgranskning av observationsstudier 
http://www.sbu.se/sv/var_metod/Granskningsmallar/: Statens beredning för medicinsk och 
social utvärdering; 2014 [cited 2015 September 25th]. 
113. Tooth L, Ware R, Bain C, Purdie DM, Dobson A. Quality of reporting of observational 
longitudinal research. American journal of epidemiology. 2005;161:280-8. 
114. Sasaki JE, John D, Freedson PS. Validation and comparison of ActiGraph activity 
monitors. J Sci Med Sport. 2011;14:411-6. 
115. Hausdorff JM, Cudkowicz ME, Firtion R, Wei JY, Goldberger AL. Gait variability and 
basal ganglia disorders: stride-to-stride variations of gait cycle timing in Parkinson's disease 
and Huntington's disease. Movement disorders : official journal of the Movement Disorder 
Society. 1998;13:428-37. Epub 1998/06/05. eng. 
116. Morris ME, Iansek R, Matyas TA, Summers JJ. Stride length regulation in Parkinson's 
disease. Normalization strategies and underlying mechanisms. Brain : a journal of neurology. 
1996;119 ( Pt 2):551-68. Epub 1996/04/01. eng. 
117. Hughes AJ, Daniel SE, Kilford L, Lees AJ. Accuracy of clinical diagnosis of idiopathic 
Parkinson's disease: a clinico-pathological study of 100 cases. J Neurol Neurosurg 
Psychiatry. 1992;55:181-4. 
118. Hoehn MM, Yahr MD. Parkinsonism: onset, progression and mortality. Neurology. 
1967;17:427-42. 
119. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A practical method for 
grading the cognitive state of patients for the clinician. Journal of psychiatric research. 
1975;12:189-98. 
120. Tomlinson CL, Stowe R, Patel S, Rick C, Gray R, Clarke CE. Systematic review of 
levodopa dose equivalency reporting in Parkinson's disease. Movement disorders : official 
journal of the Movement Disorder Society. 2010;25:2649-53. 
121. Johansson E, Ekelund U, Nero H, Marcus C, Hagstromer M. Calibration and cross-
validation of a wrist-worn Actigraph in young preschoolers. Pediatric obesity. 2014. 
122. Nichols JF, Morgan CG, Chabot LE, Sallis JF, Calfas KJ. Assessment of physical 
activity with the Computer Science and Applications, Inc., accelerometer: laboratory versus 
field validation. Res Q Exerc Sport. 2000;71:36-43. 
123. Motl RW, Snook EM, Agiovlasitis S, Suh Y. Calibration of accelerometer output for 
ambulatory adults with multiple sclerosis. Arch Phys Med Rehabil. 2009;90:1778-84. 
 62 
 
124. van Cauwenberghe E, Labarque V, Trost SG, de Bourdeaudhuij I, Cardon G. Calibration 
and comparison of accelerometer cut points in preschool children. International journal of 
pediatric obesity : IJPO : an official journal of the International Association for the Study of 
Obesity. 2011;6:e582-9. 
125. Conradsson D, Lofgren N, Stahle A, Franzen E. Is Highly Challenging and Progressive 
Balance Training Feasible in Older Adults With Parkinson's Disease? Arch Phys Med 
Rehabil. 2013. 
126. Yogev-Seligmann G, Giladi N, Brozgol M, Hausdorff JM. A training program to 
improve gait while dual tasking in patients with Parkinson's disease: a pilot study. Archives 
of physical medicine and rehabilitation. 2012;93:176-81. 
127. Duncan RP, Earhart GM. Randomized controlled trial of community-based dancing to 
modify disease progression in Parkinson disease. Neurorehabil Neural Repair. 2012;26:132-
43. 
128. Wallen MB, Nero H, Franzen E, Hagstromer M. Comparison of two accelerometer filter 
settings in individuals with Parkinson's disease. Physiological measurement. 2014;35:2287-
96. 
129. Choi L, Liu Z, Matthews CE, Buchowski MS. Validation of accelerometer wear and 
nonwear time classification algorithm. Med Sci Sports Exerc. 2011;43:357-64. 
130. Trost SG, McIver KL, Pate RR. Conducting accelerometer-based activity assessments in 
field-based research. Med Sci Sports Exerc. 2005;37:S531-43. 
131. Matthews CE, Ainsworth BE, Thompson RW, Bassett DR, Jr. Sources of variance in 
daily physical activity levels as measured by an accelerometer. Med Sci Sports Exerc. 
2002;34:1376-81. 
132. Hart TL, Swartz AM, Cashin SE, Strath SJ. How many days of monitoring predict 
physical activity and sedentary behaviour in older adults? The international journal of 
behavioral nutrition and physical activity. 2011;8:62. 
133. Aguilar-Farias N, Brown WJ, Peeters GM. ActiGraph GT3X+ cut-points for identifying 
sedentary behaviour in older adults in free-living environments. J Sci Med Sport. 
2014;17:293-9. 
134. Shiroma EJ, Freedson PS, Trost SG, Lee IM. Patterns of accelerometer-assessed 
sedentary behavior in older women. JAMA. 2013;310:2562-3. 
135. Fahn S ER. Unified Parkinson's disease rating scale. London, Macmillan: M. D. Fahn S, 
Calne D.; 1987. 
136. Movement Disorder Society Task Force on Rating Scales for Parkinson's D. The Unified 
Parkinson's Disease Rating Scale (UPDRS): status and recommendations. Movement 
disorders : official journal of the Movement Disorder Society. 2003;18:738-50. 
137. Martinez-Martin P, Prieto L, Forjaz MJ. Longitudinal metric properties of disability 
rating scales for Parkinson's disease. Value in health : the journal of the International Society 
for Pharmacoeconomics and Outcomes Research. 2006;9:386-93. 
138. Franchignoni F, Horak F, Godi M, Nardone A, Giordano A. Using psychometric 




139. Benka Wallen M, Sorjonen K, Lofgren N, Franzen E. Structural Validity of the Mini-
Balance Evaluation Systems Test (Mini-BESTest) in People With Mild to Moderate 
Parkinson Disease. Physical therapy. 2016. 
140. Löfgren N. The Mini-BESTest - a clinically reproducible tool for balance evaluations in 
mild to moderate Parkinson’s disease? 2014. 
141. Galna B, Lord S, Rochester L. Is gait variability reliable in older adults and Parkinson's 
disease? Towards an optimal testing protocol. Gait & posture. 2013;37:580-5. 
142. Nelson AJ, Zwick D, Brody S, Doran C, Pulver L, Rooz G, et al. The validity of the 
GaitRite and the Functional Ambulation Performance scoring system in the analysis of 
Parkinson gait. NeuroRehabilitation. 2002;17:255-62. 
143. Bousquet J, Knani J, Dhivert H, Richard A, Chicoye A, Ware JE, Jr., et al. Quality of 
life in asthma. I. Internal consistency and validity of the SF-36 questionnaire. American 
journal of respiratory and critical care medicine. 1994;149:371-5. 
144. Meyer KB, Espindle DM, DeGiacomo JM, Jenuleson CS, Kurtin PS, Davies AR. 
Monitoring dialysis patients' health status. American journal of kidney diseases : the official 
journal of the National Kidney Foundation. 1994;24:267-79. 
145. Jacobson AM, de Groot M, Samson JA. The evaluation of two measures of quality of 
life in patients with type I and type II diabetes. Diabetes care. 1994;17:267-74. 
146. Martinez-Martin P, Jeukens-Visser M, Lyons KE, Rodriguez-Blazquez C, Selai C, 
Siderowf A, et al. Health-related quality-of-life scales in Parkinson's disease: critique and 
recommendations. Movement disorders : official journal of the Movement Disorder Society. 
2011;26:2371-80. 
147. Bloem BR, Grimbergen YA, Cramer M, Willemsen M, Zwinderman AH. Prospective 
assessment of falls in Parkinson's disease. JNeurol. 2001;248:950-8. 
148. Lamb SE, Jorstad-Stein EC, Hauer K, Becker C, Prevention of Falls Network E, 
Outcomes Consensus G. Development of a common outcome data set for fall injury 
prevention trials: the Prevention of Falls Network Europe consensus. Journal of the American 
Geriatrics Society. 2005;53:1618-22. 
149. Gottfries GG, Noltorp S, Norgaard N. Experience with a Swedish version of the 
Geriatric Depression Scale in primary care centres. International journal of geriatric 
psychiatry. 1997;12:1029-34. 
150. Rojo A, Aguilar M, Garolera MT, Cubo E, Navas I, Quintana S. Depression in 
Parkinson's disease: clinical correlates and outcome. Parkinsonism & related disorders. 
2003;10:23-8. 
151. Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, et al. Development and 
validation of a geriatric depression screening scale: a preliminary report. Journal of 
psychiatric research. 1982;17:37-49. 
152. Gottfries CG. Recognition and management of depression in the elderly. International 
clinical psychopharmacology. 1997;12 Suppl 7:S31-6. 
153. Yardley L, Beyer N, Hauer K, Kempen G, Piot-Ziegler C, Todd C. Development and 
initial validation of the Falls Efficacy Scale-International (FES-I). Age and ageing. 
2005;34:614-9. 
154. Jonasson SB, Nilsson MH, Lexell J. Psychometric properties of four fear of falling 
rating scales in people with Parkinson's disease. BMC geriatrics. 2014;14:66. 
 64 
 
155. Nilsson MH, Hagell P. Freezing of Gait Questionnaire: validity and reliability of the 
Swedish version. Acta neurologica Scandinavica. 2009;120:331-4. 
156. Conradsson D, Lofgren N, Stahle A, Hagstromer M, Franzen E. A novel conceptual 
framework for balance training in Parkinson's disease-study protocol for a randomised 
controlled trial. BMC neurology. 2012;12:111. 
157. Sirard JR TS, Pfeiffer KA, Dowda M, Pate RR. Calibration and evaluation of an 
objective measure of physical activity in prechool children. Journal of Physical Activity and 
Health. 2005;2:345-57. 
158. Reilly JJ, Coyle J, Kelly L, Burke G, Grant S, Paton JY. An objective method for 
measurement of sedentary behavior in 3- to 4-year olds. Obesity research. 2003;11:1155-8. 
159. Mackintosh KA, Fairclough SJ, Stratton G, Ridgers ND. A calibration protocol for 
population-specific accelerometer cut-points in children. PLoS One. 2012;7:e36919. 
160. Sim J, Wright CC. The kappa statistic in reliability studies: use, interpretation, and 
sample size requirements. Physical therapy. 2005;85:257-68. 
161. Matthew CE. Calibration of accelerometer output for adults. Med Sci Sports Exerc. 
2005;37:S512-22. 
162. Ward DS, Evenson KR, Vaughn A, Rodgers AB, Troiano RP. Accelerometer use in 
physical activity: best practices and research recommendations. Med Sci Sports Exerc. 
2005;37:S582-8. 
163. Freedson P, Bowles HR, Troiano R, Haskell W. Assessment of Physical Activity Using 
Wearable Monitors. Medicine & Science in Sports & Exercise. 2012;44:S1-S4. 
164. Abellan van Kan G, Rolland Y, Andrieu S, Bauer J, Beauchet O, Bonnefoy M, et al. 
Gait speed at usual pace as a predictor of adverse outcomes in community-dwelling older 
people an International Academy on Nutrition and Aging (IANA) Task Force. The journal of 
nutrition, health & aging. 2009;13:881-9. 
165. Cesari M, Kritchevsky SB, Penninx BW, Nicklas BJ, Simonsick EM, Newman AB, et 
al. Prognostic value of usual gait speed in well-functioning older people--results from the 
Health, Aging and Body Composition Study. Journal of the American Geriatrics Society. 
2005;53:1675-80. 
166. Verghese J, Wang C, Holtzer R. Relationship of clinic-based gait speed measurement to 
limitations in community-based activities in older adults. Arch Phys Med Rehabil. 
2011;92:844-6. 
167. Middleton A, Fritz SL, Lusardi M. Walking Speed: The Functional Vital Sign. Journal 
of aging and physical activity. 2014. 
168. Corbett DB, Valiani V, Knaggs JD, Manini TM. Evaluating Walking Intensity with Hip-
Worn Accelerometers in Elders. Med Sci Sports Exerc. 2016. 
169. van der Marck MA, Dicke HC, Uc EY, Kentin ZH, Borm GF, Bloem BR, et al. Body 
mass index in Parkinson's disease: a meta-analysis. Parkinsonism & related disorders. 
2012;18:263-7. 
170. Sato Y, Iwamoto J, Honda Y. Vitamin d deficiency-induced vertebral fractures may 
cause stooped posture in Parkinson disease. American journal of physical medicine & 
rehabilitation / Association of Academic Physiatrists. 2011;90:281-6. 
 65 
 
171. Lahti-Koski M, Pietinen P, Heliovaara M, Vartiainen E. Associations of body mass 
index and obesity with physical activity, food choices, alcohol intake, and smoking in the 
1982-1997 FINRISK Studies. Am J Clin Nutr. 2002;75:809-17. 
172. Svenningsson P, Westman E, Ballard C, Aarsland D. Cognitive impairment in patients 
with Parkinson's disease: diagnosis, biomarkers, and treatment. Lancet neurology. 
2012;11:697-707. 
173. Bonnet F, Irving K, Terra JL, Nony P, Berthezene F, Moulin P. Anxiety and depression 
are associated with unhealthy lifestyle in patients at risk of cardiovascular disease. 
Atherosclerosis. 2005;178:339-44. 
174. van Gool CH, Kempen GI, Penninx BW, Deeg DJ, Beekman AT, van Eijk JT. 
Relationship between changes in depressive symptoms and unhealthy lifestyles in late middle 
aged and older persons: results from the Longitudinal Aging Study Amsterdam. Age and 
ageing. 2003;32:81-7. 
175. Chaudhuri KR, Healy DG, Schapira AH, National Institute for Clinical E. Non-motor 
symptoms of Parkinson's disease: diagnosis and management. Lancet neurology. 2006;5:235-
45. 
176. Remy P, Doder M, Lees A, Turjanski N, Brooks D. Depression in Parkinson's disease: 
loss of dopamine and noradrenaline innervation in the limbic system. Brain : a journal of 
neurology. 2005;128:1314-22. 
177. Veiga BA, Borges V, Silva SM, Goulart Fde O, Cendoroglo MS, Ferraz HB. Depression 
in Parkinson's disease: clinical-epidemiological correlates and comparison with a controlled 
group of non-parkinsonian geriatric patients. Revista brasileira de psiquiatria. 2009;31:39-42. 
178. Reijnders JS, Ehrt U, Weber WE, Aarsland D, Leentjens AF. A systematic review of 
prevalence studies of depression in Parkinson's disease. Movement disorders : official journal 
of the Movement Disorder Society. 2008;23:183-9; quiz 313. 
179. Schrag A, Barone P, Brown RG, Leentjens AF, McDonald WM, Starkstein S, et al. 
Depression rating scales in Parkinson's disease: critique and recommendations. Movement 
disorders : official journal of the Movement Disorder Society. 2007;22:1077-92. 
180. Braak H, Del Tredici K, Rub U, de Vos RA, Jansen Steur EN, Braak E. Staging of brain 
pathology related to sporadic Parkinson's disease. Neurobiology of aging. 2003;24:197-211. 
181. Garcia-Borreguero D, Larrosa O, Bravo M. Parkinson's disease and sleep. Sleep 
medicine reviews. 2003;7:115-29. 
182. Pfeiffer RF. Non-motor symptoms in Parkinson's disease. Parkinsonism & related 
disorders. 2016;22 Suppl 1:S119-22. 
183. van Hees VT, Sabia S, Anderson KN, Denton SJ, Oliver J, Catt M, et al. A Novel, Open 
Access Method to Assess Sleep Duration Using a Wrist-Worn Accelerometer. PLoS One. 
2015;10:e0142533. 
184. Martin JL, Hakim AD. Wrist actigraphy. Chest. 2011;139:1514-27. 
185. King AC, Oman RF, Brassington GS, Bliwise DL, Haskell WL. Moderate-intensity 
exercise and self-rated quality of sleep in older adults. A randomized controlled trial. JAMA. 
1997;277:32-7. 
186. Benloucif S, Orbeta L, Ortiz R, Janssen I, Finkel SI, Bleiberg J, et al. Morning or 
evening activity improves neuropsychological performance and subjective sleep quality in 
older adults. Sleep. 2004;27:1542-51. 
 66 
 
187. Reid KJ, Baron KG, Lu B, Naylor E, Wolfe L, Zee PC. Aerobic exercise improves self-
reported sleep and quality of life in older adults with insomnia. Sleep medicine. 2010;11:934-
40. 
188. Baron KG, Reid KJ, Zee PC. Exercise to improve sleep in insomnia: exploration of the 
bidirectional effects. Journal of clinical sleep medicine : JCSM : official publication of the 
American Academy of Sleep Medicine. 2013;9:819-24. 
189. Mekary RA, Willett WC, Hu FB, Ding EL. Isotemporal substitution paradigm for 
physical activity epidemiology and weight change. American journal of epidemiology. 
2009;170:519-27. 
190. Lim I, van Wegen E, Jones D, Rochester L, Nieuwboer A, Willems AM, et al. Does 
cueing training improve physical activity in patients with Parkinson's disease? Neurorehabil 
Neural Repair. 2010;24:469-77. 
191. Ellis T, de Goede CJ, Feldman RG, Wolters EC, Kwakkel G, Wagenaar RC. Efficacy of 
a physical therapy program in patients with Parkinson's disease: a randomized controlled trial. 
Arch Phys Med Rehabil. 2005;86:626-32. 
192. Leavy B, Roaldsen KS, Nylund K, Hagstromer M, Franzen E. "Pushing the Limits": 
Rethinking Motor and Cognitive Resources After a Highly Challenging Balance Training 
Program for Parkinson's Disease. Physical therapy. 2016. 
193. Sato K, Hatano T, Yamashiro K, Kagohashi M, Nishioka K, Izawa N, et al. Prognosis of 
Parkinson's disease: time to stage III, IV, V, and to motor fluctuations. Movement disorders : 
official journal of the Movement Disorder Society. 2006;21:1384-95. 
194. Politis M, Wu K, Molloy S, P GB, Chaudhuri KR, Piccini P. Parkinson's disease 
symptoms: the patient's perspective. Movement disorders : official journal of the Movement 
Disorder Society. 2010;25:1646-51. 
195. Michael KM, Allen JK, Macko RF. Reduced ambulatory activity after stroke: the role of 
balance, gait, and cardiovascular fitness. Arch Phys Med Rehabil. 2005;86:1552-6. 
196. Montoye AH, Pfeiffer KA, Suton D, Trost SG. Evaluating the Responsiveness of 
Accelerometry to Detect Change in Physical Activity. Measurement in physical education 
and exercise science. 2014;18:273-85. 
197. Montoye AH, Moore RW, Bowles HR, Korycinski R, Pfeiffer KA. Reporting 
accelerometer methods in physical activity intervention studies: a systematic review and 
recommendations for authors. British journal of sports medicine. 2016. 
198. Shiroma EJ, Kamada M, Smith C, Harris TB, Lee IM. Visual Inspection for 
Determining Days When Accelerometer Is Worn: Is This Valid? Med Sci Sports Exerc. 
2015;47:2558-62. 
199. Brooks AG, Gunn SM, Withers RT, Gore CJ, Plummer JL. Predicting walking METs 
and energy expenditure from speed or accelerometry. Med Sci Sports Exerc. 2005;37:1216-
23. 
200. Foltynie T, Brayne C, Barker RA. The heterogeneity of idiopathic Parkinson's disease. 
Journal of neurology. 2002;249:138-45. 
201. Vogt TM, Ireland CC, Black D, Camel G, Hughes G. Recruitment of elderly volunteers 
for a multicenter clinical trial: the SHEP pilot study. Controlled clinical trials. 1986;7:118-33. 
202. von Campenhausen S, Bornschein B, Wick R, Botzel K, Sampaio C, Poewe W, et al. 
Prevalence and incidence of Parkinson's disease in Europe. European 
 67 
 
neuropsychopharmacology : the journal of the European College of 
Neuropsychopharmacology. 2005;15:473-90. 
203. Linder J, Stenlund H, Forsgren L. Incidence of Parkinson's disease and parkinsonism in 
northern Sweden: a population-based study. Movement disorders : official journal of the 
Movement Disorder Society. 2010;25:341-8. 
204. Saveman BI, Bjornstig U. Unintentional injuries among older adults in northern 
Sweden--a one-year population-based study. Scandinavian journal of caring sciences. 
2011;25:185-93. 
205. Sveriges Kommuner och Landsting (SKL): Fallskador bland äldre - en sammanfattning 
av en kunskapsöversikt om fallskador. Stockholm: SKL; 2009. Available from: 
webbutik.skl.se/bilder/artiklar/pdf/7164-441-1.pdf. 
206. Godwin M, Ruhland L, Casson I, MacDonald S, Delva D, Birtwhistle R, et al. Pragmatic 
controlled clinical trials in primary care: the struggle between external and internal validity. 
BMC medical research methodology. 2003;3:28. 
207. Ossig C, Antonini A, Buhmann C, Classen J, Csoti I, Falkenburger B, et al. Wearable 
sensor-based objective assessment of motor symptoms in Parkinson's disease. Journal of 
neural transmission. 2016;123:57-64. 
 
 
